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INTRODUCTION 
Trees and plants are of paramount importance for human life, not only in the 
present times but also in the remote past as well. The early man depended on them for 
his physical needs such as sources for food, shelter, clothing, medicine, ornaments, 
tools and for spiritual needs like magic or ritualistic practices. It is quite well known 
that in addition to their practical and economic values, green plants are indispensable 
to all life forms on earth through the process of photosynthesis. Plants transform solar 
energy into chemical energy at the same time food is formed, which makes all life 
possible. A second unique and important capacity of green plants in the formation and 
release of oxygen as a byproduct of photosynthesis. The oxygen of atmosphere is 
absolutely essential to all forms of life on earth. Plants have placed an important role 
in human life .Plants are utilized as therapeutic agents since immemorial in Ayurveda, 
Unani, Folk,Tribal and native forms. Plants are also used for controlling the weeds. 
SYSTEMATIC POSITION OF TINOSFORA CORDIFOLIA 
Kingdom: Plantae 
Division: Magnoliophyta 
Class: Magnoliopsida 
Order: Ranunculales 
Family: Menispermaceae 
Genus: Tinospora 
Species: cordifolia 
The Family Menispermaceae 
The plant family Menispermaceae consists of about 70 genera and 450 species 
that are found in tropical lowland regions. They are generally climbing or twining, 
rarely shrubs. Leaves are alternate or lobed, flowers small cymose, seeds usually 
hooked or reniform. This family is rich source of alkaloid and terpenes. 
The Genus Tinospora 
Tinospora is one of the important genera of the family, consisting of about 15 
species. Some medicinally important species includes T. cordifoUa, T. malabarica, T. 
tomentosa, T. crispa, T. uliginosa, etc. 
The species Tinospora cordifoUa 
Tinospora cordifoUa (Willd.) Miers ex Hook, f & Thorns, belonging to the 
family Menispermaceae is a large deciduous climbing shrub found throughout India 
and also in Srilanka, Bangladesh and China (Raghu et al., 2006). 
Common Names 
Latin : Tinospora cordifoUa (Willd.) Hook, f & Thomson 
English : Tinospora Gulancha / Indian tinospora 
Sanskrit : Guduchi, Amrita 
Hindi : Giloya, Guduchi, Gurch 
Malayalam: Amruta valli 
Botanical Description 
Tinospora cordifoUa is a large deciduous climbing shrub with several 
elongated twinning branches. Leaves are membranous, simple, alternate exstipulate, 
long petioles up to 15 cm long, roundish pulvinate, both at the base and apex with the 
basal one longer and twisted partially and half way around. Lamina broadly ovate or 
ovate cordate, 10 - 20 cm long or 8 - 15 cm broad, 7 nerved and deeply cordate at 
base, membranous, pubescent above, whitish tomentose with a prominent reticulum 
beneath. The stem structure is fibrous and the transverse section exhibits a yellowish 
wood with radially arranged wedge shaped wood bundles, containing large vessels, 
separated by narrow medullary rays. The bark is creamy white to grey, deeply left 
spirally and stem contains rosette like lenticels. Flowers unisexual, small or separate 
plants and appearing when plant is leafless, greenish yellow on axillary and terminal 
recemes. Male flowers clustered, female usually solitary, sepals 6, free in two series 
of three each, the outer ones are smaller than the inner. Petals 6, free smaller than 
sepals, obovate and membranous. Fruit aggregate of 1 -3, ovoid smooth drupelets on 
thick stalk with subterminal style scars, scarlet or orange coloured. The seeds are 
curved. Fruits are fleshy and single seeded 
Habitat 
Tinospora cordifolia prefers wide range of soil, acid to alkaline and it needs 
moderate level of soil moisture. Found throughout tropical India ascending to an 
altitude of 1000 feet and in South Asia, Indonesia, Philippines, Thailand, Myanmar, 
China and in Srilanka worldwide. 
Chemical Composition 
A variety of constituents have been isolated from different parts of Tinospora 
cordifolia. They belong to different classes such as alkaloids, diterpenoid lactones, 
steroids, glycosides aliphatic compounds, polysaccharides. Some constituents have 
been isolated from plant mainly they are tinosporone, tinosporic acid, cordifolisides A 
to E, syringen, berberine, giloin, gilenin, crude giloininand, arabinogalactan 
polysaccharide, picrotene, bergenin, gilosterol, tinosporol, tinosporidine, sitosterol, 
cordifol, heptacosanol, octacosonal, tinosporide, columbin, chasmanthin, palmarin, 
palmatosides C and F, amritosides, cordioside, tinosponone, ecdysterone, makisterone 
A, hydroxyecdysone, magnoflorine, tembetarine, syringine, glucan polysaccharide, 
syringine apiosylglycoside, isocolumbin, palmatine, tetrahydropalmaitine, 
jatrorrhizine respectively (Singh et al, 2003). 
Medicinal Properties 
The plant possesses anti-oxidant, anti-hyperglycemic, anti- neoplastic, anti-
stress, anti- dote, anti- spasmodic, anti- pyretic, anti allergic, anti- leprotic anti-
inflammatory, anti-hyperlypidaemia, immunomodulatory properties. Various parts of 
the plant contain immense medicinal properties. 
1. Stem 
The stem of Tinospora cordifolia is one of the constituents of several 
Ayurvedic preparations used in general debility, dyspepsia, fever and urinary 
diseases. Stem is bitter, stomachic, stimulates bile secretion, and enriches the blood 
and cures jaundice, urinary disease and upper respiratory tract infection. The aqueous 
extract of stem is useful in skin diseases (Aiyer and Kolammal, 1963; Raghunathan 
and Mittra, 1982). The root and stem extract with combination of other drugs are 
prescribed as an anti-dote to snake bite and scorpion sting (Nadkami and Nadkami, 
1976; Zhao et al., 1991). The methanol extract of Tinospora cordifolia has an anti-
hyperglycemic property. This property is reported on streptozotocin induced diabetic 
male albino rats (blood glucose levels 250-400 mg/dl were taken for experiment). The 
treated rats had high activity of glucokinase/hexokinase (Glycolysis) and activity of 
glucose-6-phosphate (Gluconeogenesis) had significantly decreased. This showed that 
glucose level of treated rats was lowered down by the methanolic extract of plant's 
stem (Rajalakshmi, et al, 2009). 
The aqueous extract of Tinospora cordifolia significantly lowered the serum 
cholesterol and move the HDL cholesterol level to basic value. An anti-
hyperlypidaemia reported on male albino rats has been seen in took three plant 
species- Tinospora cordifolia, Cyperus rotundus and Embellia ribes. But anti-
hyperlypidaemia activity of Tinospora cordifolia is the highest. The aqueous, 
methanol, methylene chloride extract of T. cordifolia acts as an antineoplastic agent, 
showing it is an anti-cancerous agent. Which gives highest activity in methylene 
chloride extract. It was experimented that, when exposure of T. cordifolia extract on 
hellacells in-vitro it killed the cells rapidly (Jagetia, 1998). The dry stem crude extract 
of T. cordifolia enhanced immune responses. It increased the leucocytes and 
phagocytic cells (Manjrekar et at., 2000; Dikshit et al, 2000). The dry stem crude 
aqueous extract of T. cordifolia produced significant anti-inflammatory effect in both 
acute and sub-acute models of inflammation. Due to inflammation pain occurs and T. 
cordifolia quenches the pain mainly in rheumatoid arthritis (Pendse et al., 1977). 
2. Bark 
Dry barks of T. cordifolia has anti-spasmodic, anti-pyretic, anti-allergic and 
anti-leprotic properties (Nayampalli et al, 1986, Ikram et al, 1987, Asthana et al, 
2001). 
3. Root 
The root is known for its anti stress anti leprotic and anti malarial activities 
(Zaho et al, 1991 and Nayampalli et al, 1982). The aqueous extract of T. cordifolia 
root has anti-oxidant property. It is successfully experimented on diabetic male albino 
rats (Stanley era/., 1999). 
4. Leaves 
The leaves are rich in proteins and fairly rich in calcium and phosphorus. A 
decoction of the leaves is used for the treatment of gout, and young leaves, bruished 
in milk, are used as liniment in erysipelas. The leaves are beaten with honey and 
applied to ulcers. 
Other uses 
The plant is sometimes cultivated for ornamental and is propagated by cutting. 
The leaves are affording a good fodder for cattle. 
Allelopathy is a phenomenon in which chemical substances are released from 
the plant into the environment as a consequence of which growth of neighboring 
vegetation gets adversely affected. Very few workers have demonstrated the 
allelopathic properties of T. cordifolia. 
The weeds are a serious threat to the biodiversity and ecosystem through its 
fast growth, massive pollen and seed production and constituent bioactive and toxic 
allelochemicals (Thaper and Singh, 2006). 
The predominantly applied weed control method in Aligarh and surrounding 
area is mechanical cutting with swords or shrub masters. Weeds are a problem to the 
farmers, horticulturists, environmentalist and common man especially in North India. 
In order to fill the gap in knowledge, a study was planned to vmderstand the 
allelopathic effect of T. cordifolia with weeds. 
Objectives of the present study are as follows. 
1. To study various Physical characteristic (pH and Electrical conductivity) of 
rhizosphere soil of T. cordifolia. 
2. The impact of rhizosphere soil of T. cordifolia on growth (in terms of root 
length, shoot length and dry weight) of different weeds. 
3. The phytotoxic effect of aqueous extracts of different parts of T. cordifolia on 
the growth and establishment of some weeds. 
4. To study the phytotoxic effect of powder amended soil on the growth and 
establishment of some weeds. 
5. To study the phytotoxic effect of aqueous leachates of leaves of donor plant on 
some weeds. 
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REVIEW OF LITERATURE 
ALLELOPATHY 
Allelopathy the chemical mechanism of plant interference is characterized by 
a reduction in plant emergence or growth, reducing their performance in association. 
The term allelopathy was first coined by MoHsch in 1937, as a mean of beneficial and 
detrimental chemical interaction among plants, including microorganisms. Molisch 
choosing two Greek words "Allelo" and "Pathos" literally meaning mutual suffering. 
Based on the Molisch concept. Rice (1984) defined allelopathy as any direct or 
indirect positive or negative effect of one plant on the other (including the microbes) 
through the release of chemicals into the environment. It includes both inhibitory and 
stimulative reciprocal biochemical interactions. 
The history of allelopathy could be divided into 3 phases of its development.(I) De 
Candolle Phase 
The period of late 18"^  and early 19' century especially between 1785 and 
1845, 
(II) Pre-Molisch Phase 
The period in the beginning of 20"' century (from 1900-1920) known by the 
work of Pickering and Scheiner, and 
(III) Post-Molisch Phase 
1937 onwards which actually could progress since 1960 (Willis, 1997). 
In communities different plant species may interact in a positive, neutral or 
negative manner. Positive inter-action includes obligatory or non obligatory 
mutualism. Rarely, the organisms in a community remain neutral especially when 
canopies and roots of the plants occupy different niches. Negative interaction between 
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the organisms are, however, more common. The adverse impact of a neighboring 
plant in an association is termed interference (Muller, 1969). Putnam and Tang (1986) 
have categorized interference as: 
(i) Allelospoly 
More commonly called competition which includes depletion of one or more 
resources required for the growth of organisms is an association. 
(ii) AUelo-Mediation 
Selective harboring of an herbivore that might feed on one species, thus 
lending advantage to other (Szezepanski, 1977). 
(iii) Allelopathy 
Allelopathy, the chemical mechanism of plant interference, is characterized by 
a reduction in plant performance in the association. 
Aldrich (1984) describes two type of allelopathy: 
• True type: the release into the environment of compounds that are 
toxic in the form in which they are produced, and 
• Functional type: the release into the envirormient of a substance that 
is toxic as the result of transformation by micro-organisms. 
REPORTS ON ALLELOPATHIC WEEDS AFTER 2000 
Weeds are competitively.very strong as compared to other plants particularly 
those managed by man. Besides competition, allelopathy provides selective advantage 
to weeds. Interference - a term coined by Muller (1969) includes both competitive and 
allelopathic interactions. Of these, allelopathy is very common among weeds and has 
been well demonstrated in nearly 240 weeds (Qasem and Foy, 2001). However, under 
natural conditions, it is very difficuh to differentiate the type of weed interference. 
Since, there has been a spurt in reports on the allelopathic studies of weeds. It 
is primarily due to the availability of modem instrumentation for the identification 
and characterization of the allelochemicals involved. Besides, there have been 
increases in the number of studies demonstrating the phenomenon under natural and 
managed condition. After 2000, available reports on the allelopathic impact of the 
weeds in the agro ecosystems are tabulated below in Table. 1 
Table 1. List of weeds exhibiting allelopathic effects on other plants (reports 
after 2000). 
Source 
Acacia 
melanoxylon R. 
Br. 
Acacia retinodes 
Schltdl., 
Euphorbia 
serpens L. and 
Nicotiana glauca 
Graham 
Acroptilon 
repens (L.) DC. 
Ageratum 
conyzoides L. 
A. tridentata 
Nutt. 
A.conyzoides L. 
Target plant 
Dactylis glomerata L., 
Lolium perenne L., 
Rumex acetosa L. and 
Lactuca sativa L. 
Carrichtera annua (L.) 
DC, Conyza albida 
Willd. ex Sprengel, 
Lettuce cv. and Tomato 
cv. 
Agropyron smithii 
Rydb., Bouteloua 
gracilis (Willd.ex 
Kunth) Lag., 
Sporobolus crytandrus 
A. Gray 
Aeschynomene indica 
L., Echinochloa crus-
galli (L.) P. Beauv., 
Monochoria vaginalis 
(Burm.f.) C.Presl. ex 
Kunth, Raphanus 
sativus L. 
Nicotiana attenuata 
Torr. 
Cicer areitinum L. 
Part used and its effect 
Flower extract caused the 
reduction in germination 
and root length 
Aqueous extract of whole 
plant inhibited the root 
length and shoot length 
Soil with roots and litter 
reduced emergence. 
initial survival and root 
weight 
Leaf residues inhibited 
growth and germination 
of/?, sativus L. and E. 
crus-galli (L.) P. Beauv. 
while it caused a 
complete inhibition of 
emergence of M 
vaginalis (Burm.f.) 
C.Presl. ex Kunth andy4. 
indica L. 
Weed inhibited 
germination of test plant 
Weed residues amended 
in the soil significantly 
reduced the root length, 
plant height and biomass 
Reference 
Hussain et al, 
2011 
Dana and 
Domingo, 
2006 
Grant et al, 
2003 
Xuane/a/., 
2004 
Preston et al, 
2002 
Batishera/., 
2006 
A.conyzoides L. 
A.conyzoides L., 
Cynodin 
dactylon (L.) 
Pers., 
Parthenium 
hysterophorus L. 
and Solarium 
nigrum L. 
Alliaria petiolata 
(Bieb.) Cavara & 
Grande 
Alnus nepalensis 
D. Don, 
Artocarpus 
heterophyllys 
Lamk. and 
Emblica 
officinalis L. 
Amaranthus 
retroflexus L., 
Chenopodium 
album L., 
Erigeron 
canadensis L. 
and Solanum 
nigrum L. 
A.spinosus L. 
Ambrosia 
artemisifolia L. 
Oryza sativa L. 
Glycine max (L.) Merr. 
GewAM laciniatum 
MUTT, and G. urbanum 
L. 
Oryza sativa L., 
Phalaris vulgaris and 
Pisum sativum L. 
Glycine max (L.) Merr., 
Pisum sativum L. and 
F/c/a sativa L. 
Oryza sativa L. 
Amaranthus 
chlorostachys L., 
A.hypochondriacus L., 
^. retroflexus L and 
Chenopodium album L. 
of chickpea 
Seedling length and dry 
weight of rice were 
significantly reduced 
(16-20%) in soil from ^. 
conyzoides L. infested 
fields. The growth of rice 
was severely inhibited in 
y4. conyzoides L. leaf 
debris- and debris 
extract amended soils. 
Extract of whole plant 
inhibited the protein 
content, protein profile, 
seed germination and 
seedling length 
Root exudates retarded 
germination and growth 
of test plants 
Aqueous extracts of leaf 
reduced the radicle 
growth of test plants 
Extract of whole plant 
inhibited the seed 
germination 
Aqueous extracts of 
leaves, roots and whole 
plant inhibited seed 
germination and seedling 
growth of 0. sativa L. 
Aqueous extracts of 
inflorescence caused 
reduced in growth 
Batish et ai, 
2009 
Verma and 
Rao, 2006 
Prati and 
Bossdorf, 2004 
Kumar (?/fl/., 
2006 
Serafimov and 
Dimitrova, 
2007 
Karim et 
al.,2003 
Bruckner ef 
al., 2003 
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Anagallis 
arvensis L. 
Andrographis 
paniculata Nees 
Argemon 
mexicana L. 
A. herba-alba 
Asso. 
A. annua L. 
A. harba- alba 
Asso. 
Artemisia 
siebery Besser, 
A. auchary Boiss 
and A. scoparia 
Waldst. & Kit 
A. annua L. 
Artemisia 
princeps L. and 
Launae 
Bajra and Mungbean 
Sesamum indicum.L. 
Lycopersicon 
esculentum Mill. 
Helianthus squamatum 
(A.Gray) A.Gray 
Helianthus annuus L., 
Lactuca sativa L., Zea 
mays L., Amaranthus 
retroflexus L., 
Echinochloa crus-galli 
(L.)P. Beauv. and 
Lolium perenne L. 
Anabasis setifera Moq. 
Amaranthus retroflexus 
L. 
Raphanus sativus L., 
Brassica parachinensis 
L.H. Bailey, Brassica 
pekinensis and Oryza 
sativa L. 
Triticum aestivum L. 
Root and shoot leachates 
have no effect on seed 
germination and speed of 
germination of the test 
species. Mung radical 
growth was significantly 
reduced while 
bajra radical growth was 
significantly enhanced by 
the root leachate of weed. 
Aqueous extracts of leaf. 
stem and root decrease 
the germination and 
inhibited the growth of 
root and shoot length 
Shoot extracts and 
decomposing tissues 
caused inhibition in 
growth and fresh weight 
of seedlings 
Aqueous extract and soil 
below plant delayed 
germination 
Leaf extract reduced the 
germination of both 
(weed and crop) test 
plants 
Aqueous extract of 
mature and immature 
fruit inhibited the 
germination percentage 
and seedling growth 
Aqueous extract of leaf 
reduced the seed 
germination root length 
and shoot length of test 
plant 
Alcohol extracts 
inhibited the seed 
germination, seedling 
growth and root growth 
of test plant 
Aqueous extract reduce 
germination and higher 
concentration reduce the 
Iram us salam 
etal., 2011 
Alagesaboopat 
hi, 2011 
Shaukat et al.. 
2002 
Escudero et 
al, 2000 
Koloren, 2006 
Modallal and 
Charchafchi, 
2006 
Samedani and 
Baghestani, 
2005 
Zhimei et al, 
2007 
Abd El-Fattah 
etal, 2011 
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sonchoids L. 
Artistolochia 
esperanzae 
O.Kuntze 
Asphodelius 
tenuiofolius 
Cavase, 
Euphorbia hirta 
Linn, Fumaria 
indica 
(Hausskn.) 
Pugsley 
Atriplex 
bunburyana 
F.Muell. and 
A. codonocarpa 
Paul G.Wilson 
Azadirachta 
indica Juss., 
Solarium nigrum 
L., Calotropis 
procera Wilid., 
Cymbopogon 
citratus L., 
Withania 
somnifera L., 
Cassia 
occidentalis L. 
and Ocimum 
sanctum L. 
Baccharis 
dracunculifolia 
DC 
Brachiaria 
decumbens 
, 
Sesamum indicum L. 
Maize cultivars 
Enchylaena tomentosa 
R.Br., Lactuca sativa 
L., Mairena georgei 
(Diels) Paul G. Wilson 
Parthenium 
hysterophorus L. 
Brassica campestris 
L., B. oleracea cv 
Capitata, Citrullus 
lanatus Thunb., Eruca 
sativa Mill., Lactuca 
sativa cv. Branca 
Boston, L. sativa cv. 
Grand Rapids, L sativa 
cv. Simpson, • 
Lycopersicum 
esculentum L., 
Raphanus sativus L. 
and Zea mays L. 
Zea mays L., Oryza 
sativa L., Triticum 
root length and shoot 
length 
Extracts caused marked 
changes in germination 
and seedling growth with 
greatest inhibition 
produced by root 
extracts. 
Soil amended with 
powder of weed, reduces 
germination percentage. 
speed of germination, 
fresh and dry weight of 
seedling. 
Aqueous methanol 
extracts of leaves 
inhibited seed 
germination, root and 
shoot growth 
Shoot leachates of 
selected plant species 
were effective in 
inhibiting germination of 
Parthenium seeds, with 
Azardirachta indica Juss. 
the most effective. Shoot 
growth was inhibited 
most, and shoots 
damaged the most, by 
leachates of Solanum 
nigrum L. 
The aqueous extracts 
revealed allelopathic 
potential in the 
germination of seeds and 
in the growth of the aerial 
part of the root system in 
all tested species, while 
the reduction in 
germination and initial 
growth intensified with 
the increase in the 
concentrations of the 
aqueous extracts used. 
Dry matter reduced the 
content of nitrate in the | 
Gatti et al. 
2010 
Jabeen and 
Ahmad, 2009 
Jefferson and 
Pennacchio, 
2003 
Knox et al., 
2010b 
Gusman, et al.. 
2008 
Souza et al., 
2006 
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Stapf. 
Brassica nigra 
(L.) Koch. 
B. nigra (L.) 
Koch. 
Canavalia 
ensiformis (L) 
DC 
Calotropis 
procera (Ait.) 
Ait. 
Capsicum 
annuum L., 
Oryza sativa L. 
and Abelmoschus 
esculentus L. 
Capsicum sp. 
Cardaria draba 
(L.) Desv. 
Cardaria draba 
(L.) Desv. 
aestivum L., Glycine 
max (L.) Merr., 
Legume and Gossipium 
Medicago sativa L. 
Hordeum spontaneum 
Koch. 
Mimosa pudica L., 
Cassia tora L. and 
Cassia occidentalis L. 
Pennisetum 
americanum (L.) Leeke 
and Setaria italica (L.) 
P. Beauvois . 
Eleusine indica L. 
Gaertn 
Chinese cabbage and 
Lettuce 
Cucumis sativus L., 
Daucus car Ota L., 
Hordeum vulgare L., 
Oryza sativa L. P//7er 
nigrum L. and Triticum 
aestivum L. 
Agropyron cristatum 
(L.) Gaertn., 
C.draba(L.) Desv. , 
Pseudoroegneria 
soil of test plants 
Aqueous extracts of each 
part inhibited seed 
germination and seedling 
growth 
Aqueous extracts and soil 
mixed with residues of 
each part reduced seed 
germination, hypocotyl 
length and seedling 
weight 
Extracts from the roots 
reduce the germination 
rate 
Aqueous extracts from 
leaves and stems 
significantly inhibited 
germination, seedling 
growth and reduce fresh 
and dry mass of the 
seedlings 
The most phytotoxic 
extract was chilli leaves. 
followed by stem, which 
completely inhibited the 
germination of goose 
grass. The okra pod 
residues at 1.0 t ha~' 
reduced the fresh weight 
of goose grass seedling 
Aqueous extract of whole 
plant reduced the seed 
germination rate, 
germination index and 
seedling shoot length of 
Chinese cabbage but 
promoted in Lettuce 
Extract, leachates. 
exudates, volatiles and 
shoot residues inhibited 
germination and reduced 
growth of test plants 
Root extracts reduced 
germination and root 
growth of test plants 
Turk et ah. 
2003 
Tawaha and 
Turk, 2003 
Santos et al, 
2007 
Samreen et al. 
2009 
Chuah, et al, 
2011 
Minghua et al., 
2007 
Qasem, 2001 
Kiemnec and 
Mclnnis, 2002 
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Cassia 
occidentalis L., 
Rumex dentatus 
L., Calotropis 
procera (Ait.) 
Ait. and 
Withania 
somnifera (L.) 
Dunal. 
Cassia 
occidentalis L. 
Cenchrus ciliaris 
L. and 
Bothhochloa 
pertusa (L.) A. 
Camus 
Centaurea 
diffusa Lam. 
C.album L. 
C. album L. and 
Xanthium 
strumarium L. 
C.maculosa 
Lamk. 
C.murale L. 
C. murale L. 
spicata (Pursh) ^. love, 
and Triticum aestivum 
L. 
Parthenium 
hysterophorus L. 
Parthenium. 
hysterophorus L. 
Pennisetum 
americanum (L.) 
Leeke, Setaria italica 
(L.) P. Beauvois and 
Lactuca sativa L. 
Grasses 
Phalaris minor Retz. 
Satureja hortensis L. 
Pascopyrum smirhii 
(Rydb.)A.Love and 
Pseudoroegneria 
spicata (Pursh.) A.Love 
C/cer arietinum L., and 
Pisum sativum L. 
Triticum aestivum L. 
Shoot leachates of Cassia 
has the potential to 
reduce the level of 
biochemical activities 
and increase the mortality 
to a great extent. 
Higher concentration of 
shoot leachates reduce 
the germination 
percentage, shoot cut 
bioassay, seedling 
bioassay and chlorophyll 
Aqueous extracts from 
various parts inhibit the 
germination and reduce 
the radical length and 
plumule length, dry 
weight and moisture 
content 
Root exudates caused 
reduction in growth and 
density 
Green manure inhibited 
test weed germination 
Aqueous extracts of 
different organs 
significantly affect the 
emergence rate and 
radical or seedling dry 
weight. 
Soil, its extracts and 
residues of weeds caused 
growth inhibition in test 
plants 
Plant residue reduced the 
growth, nodulation and 
macromolecule content 
of test plants 
Reduced the growth in 
terms of seedling length 
and seedling dry weight. 
Knox et 
a/.,2010a 
Knox et al, 
2011 
Hussain et ai. 
2010 
Callaway and 
Aschehoug, 
2000 
Om et ai, 
2002 
Benyas et al, 
2009 
Olson and 
Wallander, 
2002 
Batish etal.. 
2007 
Batish etal., 
2007 
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C.murale L. 
C. murale L. 
Coffea arabica 
L. 
Colocynthis 
vulgaris Schrad, 
Retama retam L, 
Traganum 
nudatum Del, 
Pituranthos 
chloranthus 
Benth. & 
Hook, and 
Artemisia herba-
alba Asso 
Commelina 
benghalensis L., 
Cyperus 
rofundus L., 
Parthenium 
hysterophorus L. 
and Prosopis 
juliflora (Sw.) 
DC. 
Convolvulus 
arvensis L. 
Croton 
bonplandianus 
Baill. 
Croton 
bonplandianum 
Baill. 
Cucumis sativus L., 
Melilotus indicus 
(L.)All., Trifolium 
alexandrium L. and 
Triticum aestivum L. 
Oryza sativa L. 
Xanthium strumarium 
L. 
Avenafatua L. and 
Polygonum convolvulus 
L. 
Sorghum, 
groundnut and soybean 
Phalaris minor Retz. 
Parthenium 
hysterophorus L. 
Triticum aestivum L., 
Brassica oleracea 
var. bo try t is L., Brass ic 
a rapa L., Melilotus 
Soil beneath weed and 
root and shoot amended 
soil and shoots inhibited 
carbohydrates, dry 
matter, nutrient uptake, 
and soluble protein 
content 
The leaf extract and 
NaCl alone or in 
combination have 
negative effect on root 
length and shoot length 
The extract 
concentrations and the 
doses of the incorporated 
coffee powder decreased 
the germination. 
Aqueous root extract of 
the donor species has no 
allelopathic effect on the 
measured parameters of 
the two weed species. 
The shoots exhibited a 
significant effect only on 
Avena fatua L., while 
Polygonum convolvulus 
L. was highly suppressed 
by shoots of Colocynthis 
vulgaris Schrad and 
Traganum nadatum Del. 
Increasing concentration 
of weed residue 
incorporation to soil 
caused more significant 
inhibitory effect on 
growth and development 
of crop species. 
Green manure of weed 
inhibited germination 
Leaf residue in soil 
inhibited the seed 
germination and seedling 
growth 
The extracts from stem 
had a stimulatory effect 
on the shoot length at all 
concentration levels, as 
El-Khataib et 
al, 2003 
Alam and 
Shaikh, 2007 
Peneva, 2007. 
Nesrine et al, 
2011 
Jalageri et al.. 
2010 
" 
Om et al, 
2002 
Thaper and 
Singh, 2006 
Sisodia and 
Siddiqui, 2010 
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Croton 
bonplandianum 
Baill. 
Croton 
bonplandianum 
Baill. 
Cynodon 
dactylon (L.) 
Pers. 
Cyperus 
rotundus L. 
Descurainia 
Sophia (L.) 
Webb ex Prantl 
Dodonaea 
viscosa (L.) Jacq 
Dittrichia 
viscosa (L.) 
Greuter 
Eichnochloa 
crus-galli (L.) P. 
Beauv. 
Esenbeckia 
leiocarpa Engl. 
alba Medik., Vicia 
sativa L. and Medic ago 
hispida Gaertn 
Crops and Weeds 
Allium sativum L. 
Echinochloa crus-galli 
(L.) P. Beauv., 
Gossypium hirsutum L., 
Setaria verticillata (L.) 
P.Beauv. and Zea mays 
L. 
Oryza sativa L. 
Wheat 
Pennisetum 
americanum (L) 
Skhyuman, Setaria 
italica (L) 
P. Beauv and Sorghum 
vulgare Pers 
Malcolmia maritima 
(L.) R.Br. 
Oryza sativa L. 
Lettuce 
against an inhibitory 
effect of leaf extracts. 
Extracts from leaf and 
root inhibited root length 
and dry weight. 
Rhizosphere soil reduced 
the growth of seedlings 
and its dry weigh. 
Protein and chlorophyll 
content were decreased 
with the aqueous 
leachates and an organic 
fraction compared to the 
control set-up. 
Aqueous extracts reduced 
germination, total fresh 
weight and root length 
Infested soil extracts. 
leachates of leaves and 
tubers caused severe 
reduction of plant height, 
leaf area and weight 
Aqueous solution of the 
volatile oil inhibits the 
germination, seedling 
shoot length and seedling 
root length. 
Hot water extracts were 
more toxic than extracts 
obtained in the room 
temperature. 
Soil mixed with leaf 
epicuticular exudates 
reduced root length and 
suppressed root hair 
Residues of weed 
reduced the yield of rice 
Aqueous extracts of leaf 
and bark inhibit the 
germination and growth 
of seedlings 
Sisodia and 
Siddiqui, 
2009. 
Sisodia and 
Siddiqui, 
2010. 
Vasilakoglou 
etai, 2005 
Quayyum et 
al, 2000. 
Li era/., 2011 
BarakatuUah 
era/., 2010. 
Levizou et al., 
2002 
Dilday er a/., 
2001 
Souzaer a/., 
2010 
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Eucalyptus 
camaldulensis 
Dehnh. 
Euphorbia esula 
L. 
Euphorbia 
helioscopia L. 
Euphorbia 
hierosolymitana 
Boiss. 
Evolvulus 
alsinoides L. 
Festuca 
filiformis Pourret 
Ficus infectoria. 
Emblica 
officinalis L. and 
Acacia 
leucophloea 
(Roxb.) Willd. 
Haloxylon 
aphyllum 
(Minkw.) Lijin 
Acroptilon repens (L.) 
DC,Plantago 
lanceolata L. 
and Portulaca oleracea 
L. 
Pascopyrum smithii 
(Rydb.) A. Love, 
Pseudoroegneria 
spicata (Pursh.) A. 
Love 
Triticum aestivum L., 
Cicer arietinum L. and 
Lens culinaris Medic. 
Triticum durum Desf. 
Amaranthus caudatus 
L., Lepidium sativum 
L., Phleum pretense L. 
Digitaria sanguinalis 
(L.) Scop., Pleuraphis 
jamesii Torr. 
Cicer arietinum L. 
Agropyron elongatum 
(Host.) 2Lnd Agropyron 
desertorum{ Fisch.) 
Foliar aqueous extract 
inhibit the germination. 
root length and shoot 
length. 
Soil, its extract and 
residues of weeds caused 
inhibition of growth in 
test plants 
Leaf extract had a greater 
inhibitory effect than the 
other extracts. Water 
extracts from the root, 
stem, leaf, and fruit of £. 
helioscopia L. resulted in 
a reduction in the seed 
germination (chickpea 
and lentil only). E. 
helioscopia L. infested 
soil also significantly 
decreased the root length 
of wheat and lentil 
Allelochemicals caused 
significant reduction in 
decreased root and 
shoot length, fresh, dry 
weights and decreased 
the amount of total 
chlorophyll and protein 
contents 
Aqueous and organic 
extracts of shoots 
reduced germination and 
growth of plants 
Root exudates and plant 
extracts caused inhibition 
of root growth 
Different concentration 
of aqueous leaf extracts 
showed significant 
inhibitory effect on 
germination and root 
elongation. 
Aerial part extract shows 
more inhibition in 
germination and seedling 
Dadkhah and 
Asaadi,2010 
Olson and 
Wal lander, 
2002 
Tanveer e/a/.. 
2010 
Abu-Romman 
e/a/., 2010 
Kato-Noguchi, 
2000 
Bertin et 
al.,2003 
Siddiqui et ai, 
2009. 
Moameri et 
ai, 2011 
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Helianthus 
annuus L. 
H. annuus L. 
H. annuus L. 
H. annuus L. 
H. annuus L., 
Sorghum bicolor 
L. and Oryza 
sativa L. 
H. annuus L. 
H. annuus L., 
Zea woy^ L. and 
Glycine max (L.) 
Merr. 
Imperata 
cylindrica (L.) 
Beauv. 
Inula falconeri 
Hook.f, Inula 
koelzii R.Dawar 
& Qaiser, 
Lactuca dissecta 
Phalaris minor Retz. 
Cyamopsis 
tetragonoloba (L.) 
Taub., Sorghum 
vulgare Pers., Zeo mays 
L. 
F/g«a subterranea (L.) 
Verde. 
Solanum nigram L. 
Parthenium 
hysterophorus L. 
Triticum aestivum L. 
Helianthus annuus L. 
Brachiaria ramosa (L.) 
Stapf., Cynodon 
dactylon (L.) Pers., 
Echinochloa crus-galli 
(L.) P.Beauv., Lolium 
multiflorum Lam., i'/Jo 
spinosa L. 
Lactuca sativa L. 
growth compared to root 
extract. 
Green manure reduced 
the growth of weed 
Residues of preceding 
sunflower reduced crop 
density, weight of seed 
and total yield 
Leaf and root extracts 
reduced seed 
germination, seedling 
growth and seedling dry 
weight 
Sun flower extract 
reduced the hypocotyls 
length, hypocotyls 
weight, radical weight 
and seed germination. 
Aqueous extract of root 
and shoot reduced the 
germination and growth 
of test plant 
Extracts of sunflower 
leaves, stems and roots 
increases the protein, 
proline, sugars, DNA, 
peroxidase, superoxide 
dismutase and 
chlorophyll contents 
Crops residue inhibited 
the plant height, root dry 
weight, top growth dry 
weight and total dry 
weight of test plant 
Aqueous extracts of 
above ground parts and 
roots inhibited 
germination and seedling 
growth of test plants 
Concentration of leaf 
leachates has highly 
significant value for 
exploring the inhibition 
or stimulation pattern of 
Om et al., 
2002 
Batish et al., 
2002c 
Batlang and 
Shushu, 2007 
Sadeghi et al., 
2010 
Javaid. 2006 
Kamal and 
Bano, 2009 
Srisa, 2007 
Koger and 
Bryson, 2004 
Khan et al. 
2009 
and Anthemis 
nobilis L. 
lochroma 
australe Griseb. 
Juncus effuses L. 
Lantana camara 
L. 
Lantana camara 
L. 
Lepidium draba 
L. 
Lomandra 
longifolia Labill. 
Ludwigia 
decurrens Walt. 
and 
L. adscendens 
(L.) H. Hara 
Macaranga 
tanarius (L.) 
MuU.Arg. 
Maize CVS. 301 
and 704, 
Sorghum, Barley 
and Alfalfa 
Mango 
Chenopodium album 
L., Sorghum halepense 
(L.) Pers. 
Eleocharis obtuse 
(Willd.) Schult., 
Scirpus cyperinus (L.) 
Kunth 
Eichhornia crassipes 
(Mart.) Solms 
On some selected 
agricultural crops 
Glycine max (L.) 
Merr., Hordeum 
vulgare L., Nicotiana 
tabacum L., Triticum 
aestivum L., Zea mays 
L. 
Lactuca sativa L. 
Cor chorus olitorious L. 
Bidens pilosa L., 
Lactuca sativa L., 
Leucaena leucocephala 
(Lam.) de Wit. 
Wheat 
Cyperus rotundus L. 
the plant species. 
Plant extracts caused 
reduction in germination 
and radicle length 
Leachates of above 
ground parts exhibited 
reduction of chlorophyll 
a 
Leaf leachates and 
residues reduced 
germination and killed 
the weed. 
Water soluble extract of 
weed inhibited the 
germination and initial 
growth of crops. 
Shoot extract inhibited 
radicle elongation. 
Root exudates in soil 
reduced the growth of 
test plant 
Exudates induced the 
mortality rate of 
seedlings and inhibit the 
vegetative and 
reproductive growth 
Aqueous extracts and leaf 
residue mixed soil 
inhibited growth and 
weed density. 
Highest decrease in 
coleoptiles length was 
belonged to the extracts 
of alfalfa, sorghum and 
maize cv.704, while the 
longest seed root was 
achieved using alfalfa, 
sorghum and maize 
CV.301 extracts. 
Significant reduction 
in number of mother 
shoot, number of 
Vaccarini and 
Bonetto, 2000 
Ervin and 
Wetzel, 2000 
Saxena. 2000 
Hossain and 
Alam, 2010 
Emeterio et 
al, 2004 
Asao, 2007 
Sakpere, et 
a/.,2010 
Tseng et al., 
2003 
Panahyan-e-
Kivi et al, 
2010 
El-Rokiek et 
al., 2010 
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Medicago sativa 
L. and Vicia 
cracca L 
Melilotus indica 
(L.) All. 
Monochoria 
hastata (L.) 
Solms. 
Moms alba L. 
and Toona 
ciliate M. Roem. 
Ophiopogon 
japonicus Ker 
Gawl. 
0. japonicus 
Ker-Gawl. 
Oryza sativa L. 
Oryza sativa L. 
Panicum 
colonum L. 
Parthenium. 
hysterophorus L. 
Amaranthus retrojlexus 
L. Lolium perenne L. 
Ipomea hederacea 
[Pharbitis hederacea L. 
] and Portulaca 
oleracea L. 
Phalaris minor Retz. 
Oryza sativa L. 
C/cer arietinum L., 
Triticum aestivum L., 
Zeo woyj- L., Phaseolus 
vulgaris L. and Glycine 
max (L.) Merr. 
Cyperus difformis L., 
Echinochloa crus-galli 
(L.) P.Beauv. 
Monochoria vaginalis 
(Burm.f.) C. Presl. ex 
Kunth. 
Brassica campestris L., 
Lactuca sativa L., 
Medicago sativa L., 
Echinochloa crus-galli 
(L.) P.Beauv, 
Silybum marianum (L.) 
Gaertn. and 
Echinochloa crus-galli 
(L.) P.Beauv. 
Fzgwa rediata L. 
Cassia occidentalis L., 
C. sophera L. and C. 
/oro L. 
daughter shoots as well 
as dry weight of 
underground organs 
Leaf and root extract 
inhibited the germination 
and growth 
Green manure inhibited 
germination of test weed 
Aqueous extracts of 
leaves, roots and whole 
plant inhibited seed 
germination and seedling 
growth of 0. sativa L. 
Aqueous leachates 
reduced the germination 
radicle and plumule 
length of test plants 
Aqueous extracts of 
underground parts 
inhibited seed 
germination, seedling 
growth and dry weight of 
test plants 
Leaf residues and 
extracts inhibited 
emergence and dry 
weight, root and shoot 
length of test plants 
Aqueous extract of whole 
plant and root exudates 
inhibited the seedling 
growth 
The water hull extracts 
shows inhibitory effect 
on dry weight and root 
length of Silybum 
marianum (L.) Gaertn. 
Aqueous extract of 
different parts inhibit the 
germination and root 
length. 
Aqueous extract of 
inflorescence, stem and 
leaf inhibited the seed 
Koloren, 2007 
Om et al., 
2002 
Karim et ai, 
2003 
Kausal etal, 
2006 
Lin et al., 
2004 
IqhaletaL, 
2004 
Haibin,2007 
Seyyednejad et 
al., 2010 
Kumbhar and 
Dabgar,2010 
Rahman, 
2006a,b 
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p. hysterophonis 
L. 
P. hysterophorus 
L. 
P. hysterophorus 
L. 
P. hysterophonis 
L. 
P .hysterophorus 
L. 
P. hysterophorus 
L. 
P. hysterophorus 
L. 
P.hysterophorus 
L. 
Piper 
methysticum L. 
Pluchea 
lanceolata (DC.) 
Brassica campestris L., 
B. rapa L. 
Eragrostis re/(Zucc.) 
Trotter 
Cicer arietinum L., 
Raphanus sativus L., 
Lettuce 
Lettuce 
Onion 
Brassica rapa L. 
Phaseolus mungo L. 
Echinochloa crus-galli 
(L.) P.Beauv., Lactuca 
sativa L. 
Brassica juncea (L.) 
Czerniak 
germination and seedling 
growth 
Root extracts alone or 
emended in soil reduced 
seedling length and dry 
weight of test crops 
Aqueous extracts of 
flowers, stem, root and 
leaf inhibited 
germination 
Residues and its extracts 
caused reduction of 
seedling length and dry 
weight. 
Aqueous extract of leaf 
and flower inhibited seed 
germination and seedling 
growth 
Fresh and composted 
Parthenium reduces the 
emergence percentage 
and rate and radical and 
plumule length. 
Aqueous extracts of leaf, 
flower, stem and root 
inhibited onion 
germination and seedling 
growth 
Aqueous extract of green 
leaf and flower reduced 
the seed germination, 
survival, cotyledon area, 
leaf number, branch 
number, plant height, 
root weight, fertilization 
value and pollen viability 
of test plant 
Increasing concentration 
of ash has adverse effect 
on germination, radicle 
and plumule length, 
biomass of P. mungo L. 
Residues inhibited 
emergence and growth of 
test plants 
Shoot height, pod 
number, and seed weight 
Batish et al, 
2003 
Tefera, 2002 
Batish e; al, 
2002a; Singh 
et a/.,2003a 
Wakjiraero/., 
2005 
Wakjiraef a/., 
2009 
Wakjira, 2009 
Prasad and 
Priyadarshani, 
2006 
Kumar and 
Kumar, 2010 
Hong et al., 
2002 
Inderjit, 2002 
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C.B. Clarke 
Populus 
deltoides W. 
Bartram ex 
Marshall 
Prosopis 
cineraria (L.) 
Druce 
Prosopsis 
juliflora (Sw.) 
DC. 
Pueraria 
thunbergiana 
(Sieb & Zucc.) 
Benth. 
Raphanus 
sativus L. 
R. raphanistrum 
L. 
Raphanus 
sativus L., R. 
sativus L. var. 
niger., R. sativus 
L. var. radicula., 
Brassica 
campestris L. 
subsp. Rapa., 
and Brassica 
napus L. oleifera 
Rheum emodii 
Wall, ex 
Meissn., 
Saussurea lappa 
C.B.Clarke, and 
Potentilla 
fill gens L. 
Radish, French bean 
and Mustard 
Oryza sativa L. 
Triticum aestivum 
L.Var-Lok-1 
Barbarea vulgaris 
R.Br., Lactuca sativa 
L., Lolium perenne L., 
Phleum pretense L. 
Zea mays L. and weed 
infesting Zea mays L. 
fields 
Capsicum annuum L., 
Cyperus esculentus L., 
Lycopersicon 
esculentum Mill. 
Sorghum halepense (L.) 
Pers. 
Amaranthus caudatus 
L., Phaseolus mungo 
L., Phaseolus vulgaris 
L., Eleusine coracana 
(L.) Gaertn., Triticum 
aestivum L. and 
Fagopyrum esculentum 
Moench. 
were reduced in weed 
incorporated soil 
Aqueous extract of leaf 
leachate reduced the 
germination and seedling 
growth of test plants 
Leaf extract inhibited 
germination and growth 
Aqueous extract caused 
pronounced inhibitory 
effect on seed 
germination and root 
length of receptor plant 
Freeze-dried leaves 
inhibited germination and 
growth of roots and 
shoots 
Mature plant. 
incorporated into the soil 
reduced the number of 
monocotyledon and 
dicotyledon weed 
increased the yield of 
maize 
Leaf margins of L. 
esculentum Mill, and C. 
annuum L. turned 
necrotic after 
transplanting into soil 
amended with weed 
All species residues 
suppressed Sorghum 
halepense (L.) Pers. in 
field and laboratory 
condition. 
Aqueous extract of whole 
plant reduced the 
germination of test plants 
Khan et 
ai,2006 
Punjani e(al., 
2006 
Siddiqui et al, 
2009. 
Kato-Noguchi, 
2003a 
Dogon and 
Uygur, 2005 
Norsworthy 
and Meehan, 
2005 
Uremis et al, 
2009. 
Tahir,2007 
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Rhinacanthus 
nasuta 
(Linn.)Kurz., 
Clitoria ternatia 
L. ,Mommea 
siamensis T. 
Anders., 
Centella asiatica 
(L.) Urban. 
, Thunbergia 
laurifolla Lindl., 
Piper 
sarmentosum 
Roxb. .Hibiscus 
sabdariffa L. 
,Moringa 
oleifera Lam., 
Tinospora 
tuberculata 
Beumee., 
Tiliacora 
triandra 
(Colebr.) Diels. 
and Ammomum 
krevanh Pierr. 
Ruta graveolens 
L. 
Salvia syriaca L. 
Schima superba 
Gardner & 
Champ. 
Secale cereal L., 
Brassicajuncea 
L., and Vicia 
villosa Roth. 
Lepidium sativum L. 
,Lactuca saliva L., 
Medicago sativa L., 
Phleum pratensy L. and 
Digitaria sanguginalis 
(L.) Scop. 
Cucurbita pepo L. var. 
pepo, Lens esculentus 
Medik., Raphanus 
sativus L. 
Cucumis sativus L., 
Daucus carota L., 
Hordeum vulgare L., 
Oryza sativa L., 
Pennisetum typhoides 
(L.) Leeke, Piper 
nigrum L., Triticum 
aestivum L. 
Phoebe bournei 
(Hemsley) Yang. 
Amaranthus retroflexus 
L., Chenopodium album 
L., and Polygonum 
aviculare L. 
Aqueous methanol 
extract of the medicinal 
plant had inhibitory 
activity on the all test 
plants. 
Weed residues inhibited 
the seed germination 
Shoot residues and 
leachates, root exudates 
and volatile from aerial 
parts caused reduction in 
seed germination and 
seedling growth of test 
plants 
Aqueous extracts of leaf 
and root inhibited the 
germination rate, fresh 
weight and dry weight of 
test plant 
Water extracts reduced 
the germination, 
lengthening the 
germination process and 
reduce the growth of 
seedling 
Piyatida and 
Kato-
Noguchi,2010 
Oliva et al, 
2002 
Qasem, 2001 
XiaoQing et 
al. 2006 
Ercoli et al, 
2007 
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Sisymbrium irio 
L. and 
Descurainia 
Sophia L. 
Sisymbrium irio 
L. and 
Descurainia 
Sophia L. 
Solarium 
lycocarpum 
A.St. Hil. 
Sorghum bicolor 
(L.) Moench, 
Helianthus 
annuus L., 
Brassica napus 
L.., Zea mays, 
Oryza sativa L. 
and Morus alba 
L. 
Sorghum bicolor 
(L.) Moench, 
Morus alba L., 
Echinochloa 
crusgalli (L.) P. 
Beauv. and 
Withania 
somnifera 
(L.) Dunal. 
Sorghum 
halepense (L.) 
Pers. 
Sorghum bicolor 
(L.) Moench, 
Helianthus 
Triticum aestivum L. 
Barley 
Sesamum indicum L. 
Trianthema 
portulacastrum L. 
Avenafatua L. and 
Phalaris minor Ritz. 
Echinochloa crus-
galli(L.) P. Beauv. 
Gossypium hirsutum L., 
Setaria verticillata (L.) 
P. Beauv., Zea woy '^ L. 
Trianthema 
portulacastrum L. 
The water extracts of the 
leaves of both weeds had 
the greatest inhibitory 
effects on germination 
and primary growth of 
wheat, compared to those 
of stems and roots. 
The water extracts of the 
leaves of both weeds had 
the greatest inhibitory 
effects on germination 
and primary growth of 
barley, compared to those 
of stem and roots 
Aqueous extract of leaf 
and ground fruit tested 
seed germination and 
early growth in soil of 
test plant. 
sorghum+sunflower 
water extract 
combination at higher 
concentration completely 
inhibited germination. In 
pot experiment, the foliar 
application of sorghum + 
sunflower water extract 
combination at higher 
concentration greatly 
suppressed growth traits 
and reduce shoot dry 
weight 
Aqueous extracts inhibit 
the germination, seedling 
growth and reduce fresh 
and dry weight of 
seedlings. 
Aqueous extracts reduced 
germination, total fresh 
weight and root length 
Sorghum + sunflower + 
brassica + mulberry 
aqueous extracts 
Edrisi and 
Farahbakhsh 
20na 
Edrisi and 
Farahbakhsh 
2011b 
Aires et al, 
2005 
Mahmood et 
al, 2010 
Jabran, et al.. 
2010 
Vasilakoglou 
etal.,2Q0S 
Mushtaq et al, 
2010 
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annuus L., 
Brassica napus 
L. and Morus 
alba L. 
Sorghum bicolor 
L. Moench, and 
Zea mays L 
Sorghum and 
rice 
Sphenodea 
zeylanica 
Gaertn. 
Stellera 
chamaejasme L. 
Sun flower 
Tagetes minuta 
L. and 
Eupatorium 
rugosum Houtt. 
Tamarindus 
indica L. 
T. indica L. 
Teucrium 
royleanum Wall. 
Ex Benth. 
Hordeum spontaneum 
K. Koch. 
Vigna unguiculata L. 
Walp. 
Oryza sativa L. 
Brassica napus L. 
Sesamum indicum L. 
Triticum aestivum L. 
and Z^a wayi' L. 
Chenopodium album 
L., Coronopus didymus 
L., Phalaris minor 
Retz., Avenafatua L. 
and Wheat 
/4 j'/er scaber Thunb., 
Bidens bipinnata L. and 
Zo/M5 corniculatus L. 
var.japomcus 
Echinochloa crus-galli 
(L.) P. Beauv., Lactuca 
sativa L., Raphanus 
sativus L., Trifoliun 
repens L., 
Echinochloa crus-galli 
(L.) P.Beauv., Lactuca 
sativa L., Raphanus 
sativus L., Trifoliun 
repens L., 
Lettuce 
completely inhibited the 
germination and seedling 
growth 
Extracts from all plant 
parts caused a marked 
reduction in germination, 
radicle length and dry 
weight. 
Aqueous extracts from 
sorghum and rice husk 
showed that inhibition in 
germination and seedling 
growth. 
Aqueous extracts of 
leaves, roots and whole 
plant inhibited seed 
germination and seedling 
growth of O. sativa L. 
Aqueous root extracts at 
higher concentration 
significantly reduce the 
seed germination 
Application of water 
extract suppress the 
growth of weeds. All the 
treatments except 
preemergence 
+ 25 + 35 DAS increased 
the wheat yield 
significantly over control. 
Aqueous extract of whole 
plant inhibited the root 
and shoot length 
Strong growth inhibition 
was observed by aqueous 
extracts of seed and bark 
ofthe weed 
Rhizosphere and 
amended soil and leaf 
extracts reduced radicle 
and hypocotyls growth 
and fresh and dry weight 
Extracts reduced the root 
length and shoot length 
Al-Tawaha, 
and Odat, 
2010 
Kayode and 
Ayeni, 2009 
Karim et al, 
2003 
Ma era/., 2011 
Naseem et al, 
2009. 
Jihyon and 
Kew Cheol, 
2006 
Parvezera/., 
2004 
Parvezera/., 
2003a,b 
Ahmad et al, 
2011 
26 
Tinospora 
cordifoUa 
(Willd.) Miers. 
ex Hook. F. & 
Thorns. 
Tithonia 
diversifolia 
^emsl.) A. 
Gray. 
Tithonia 
diversifolia 
fHemsl.) A. 
Gray. 
Tithonia 
diversifolia 
(Hemsl.) A. 
Gray. 
Tithonia 
diversifolia 
(Hemsl.) A. 
Gray. 
Trifolium 
pratense L. 
Trifolium 
pretense L., T. 
repens L., T. 
hybridum L., 
Melilotus 
officinalis (L.) 
Pall., Onobrychis 
viciifolia Scop. 
and Vicia villosa 
Roth. 
T. repens L. 
Sesamum orientale L., 
Eleusine coacana (L.) 
Gaertn. and Cajanus 
cajan L. 
Amaranthus viridis L., 
Oryza sativa L., 
Raphanus sativus L., 
Sorghum bicolor (L.) 
Moench. 
Zea mays L. 
Amaranthus cruentus 
L. 
Monodora tenuifolia 
(Benth.), Diaiium 
guineense (Willd.) and 
Hildegardia barteri 
(Mast.) Kosterm 
Sinapis arvensis L. 
Lolium multiflorum 
Lam. 
Abutilon theophrasti 
Medic, and 
Echinochloa crus-galli 
(L.) P. Beauv. 
The higher concentration 
of leaf, new shoot and 
old shoot had suppressed 
radicle and plumule 
growth. Lower 
concentration of new 
shoot stimulate 
germination 
Weed infested soil 
inhibited seed 
germination and seedling 
growth of test plants 
The radicle and plumule 
lengths of the seedlings 
were significantly 
inhibited by the fresh 
shoot aqueous extract 
Aqueous extracts shows 
retardatory effect on 
germination, growth 
parameter and fresh and 
dry weight 
The fresh shoot aqueous 
extract had a significant 
effect (inhibitory and 
stimulatory) on growth 
parameters such as shoot 
height, leaf area, number 
of leaves and chlorophyll 
content 
Plant residue amended 
soil caused reduction in 
radicle growth 
Water extracts of stem. 
leaf and root inhibited 
the germination and 
seedling growth of test 
plants 
Aqueous extracts of 
aerial parts and roots 
reduced the seed 
germination, root 
Singh era/., 
2009 
Tongma et al, 
2001 
Oyerinde et 
al., 2009 
Otusanya, et 
al, 2007 
Oke etal., 
2011 
Ohno et al., 
2000 
CaiXia et al.. 
2005 
Ying et al.. 
2006 
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Trifolium 
resupinatum L. 
and T. 
alexandrium L. 
Vicia villosa 
Roth. 
Wheat (Alvand 
and Falat) 
Xanthium 
strumarium L. 
Xanthium 
strumarium L. 
Amaranthus retroflexus 
L., Convolvulus 
arvensis L., Secale 
cereale L. and Sinapis 
arvensis L. 
Veronica persica Poiret, 
Poa annua L. and 
Echinochloa crus-galli 
(L.) P. Beauv. 
Com 
wheat, barley, maize, 
rice, cotton and 
sunflower 
Lens culinaris Medic. 
activity, respiratory rate 
and enzyme activities of 
test plants 
Aqueous extracts of 
dried tissue reduced the 
seedling growth of test 
plants 
Extract of leaves, roots 
and whole plant 
inhibited seed 
germination and seedling 
growth 
Straw extract suppress 
the growth and 
development, reduce 
proliferation and 
regeneration of plant 
parts and eventually 
reduce plant weight 
The leaf leachates caused 
maximum reduction in 
germination and 
germination index of test 
crops 
Treatments with higher 
concentrations had 
negative effects on mean 
rate of germination, 
plumule length and 
seedling dry weight 
Maighany et 
al, 2005 
XiaoXia et al, 
2007 
Saffari et al. 
2010 
Tanveer. et al, 
2008 
Benyas et al.. 
2010 
ALLELOCHEMICALS 
The chemicals which are responsible for the phenomenon of allelopathy are 
known as allelochemicals or allelochemics (Whittaker and Feeny, 1971). Allelopathy 
is the direct influence of chemicals released from one-plant on the development and 
growth of another plant (Olofsdotter, 1998). Whittaker and Feeny (1971) coined the 
term allelo-chemical; secondary metabolites sometimes act as allele- chemical. 
However, the terms allelo-chemicals and secondary metabolites should not be used as 
synonyms. Allelochemicals are secondary metabolites released by plant species in 
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their environment. They play a pivotal role in agricultural and functional ecology 
(Rice E. L. 1992, Khan et al., 2009). Allelochemical inhibited the growth of some 
species at certain concentration may stimulate the growth of same or different species 
at lower concentration (Narwal, 1994). Allelopathy is relatively a new branch of 
science (Lai and Oudhia, 1999) with the help of allelopathy, weed-crop, crop-crop, 
crop-weed and weed-weed interaction can easily be explained. 
According to Putnam (1988), Rice (1984) and Macias et al., (2007), chemicals 
with allelopathic potential are present in almost all parts and in many tissues like 
leaves, stem, flowers, fruits, seeds and roots. Under specific condition these chemicals 
released into the environment (atmosphere or rhizosphere) by means: 
Volatilization (Petrova, 1977 and Oleszek, 1987): It is only significant under arid or 
semi- arid conditions. The compounds may be absorbed in vapour by surrounding 
plants, be absorbed from condensate in dew or may reach the soil and be taken up by 
root. 
Leaching (Overland, 1966): Rainfall, dew or irrigation may leach the chemicals from 
the aerial part of plants that are subsequently deposited on other plants or on the soil, 
leaching may also occur through plant residues. Their solubility will affect their 
mobility in soil water. 
Decomposition of residues (Weston, 1996; Hedge and Miller, 1990): It is difficult to 
determine whether toxic substances are contained in residues and simply released 
upon decomposition, or produced instead by micro-organisms utilizing the residues. 
Root exudation (Chou, 1990; Tang and Young, 1982): Whether these compounds are 
actively exuded, leaked or arise from dead cells sloughing off the roots in not clearly 
understood at this time. 
Pollen of some crop plants (Cruz-ortega et al., 1988). 
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Phytotoxic expression may largely depend upon the presence of chemicals at 
biologically active concentrations, flux rate, age and metabolic stage of the plant, 
prevailing climatic and environmental conditions and their persistence and fate in the 
soil (Wyman-Simpson et al, 1991; Wardle et al, 1993; Weidenhamer, 1996; Nilsson 
et al, 1998) on entering into the soil, chemical compounds may undergo processes 
such as retention, transportation and/or transformation (Cheng, 1995). Degradation 
and transformation products of inactive compounds from the donor plant may be toxic 
to its immediate surrounding (Rice, 1984). Various abiotic and biotic factors are 
responsible for degradation and transformation of chemical compounds in the soil. 
Abiotic factors mainly include physical and chemical factors such as heat, light, soil 
texture, soil inorganic component and organic matter (Dalton et al, 1983; Blum et al, 
1987; Dao, 1987; Inderjit and Dakshini, 1994; Eingelling, 1995) and biotic agents 
responsible for degradation or transportation of organic molecules are mainly soil 
microbes such as bacteria and fungi (Rice 1984; Blum and Shafer, 1988). 
Environmental stresses such as moisture, nutrient deficits, and extremes in 
temperature, irradiance, and disease and predation damage may also enhance the 
activity of allelochemicals (Einhelling, 1996). 
Many workers have identified different allelochemicals from different weeds. 
Kil et al, (1991) identified volatile essential oils (a-pinene, cioneole, camphor, (-)-
trans-caryophyllene, p-myrcene, a-terpinine, y-terpinine, (-) - thujone, bomyl 
acetate) from Artemisia priceps. Perez and Ormeno-Nunez (1991) identified 
scopoletin, coumarin, p-hydroxy benzoic acid, vanillic acid as major constituents of 
Avenafatua L. Dung et al, (1992) identify a-thujone as major allelochemicals from 
Artemisia vulgaris L. The Emodin and physcion have been identified from 
Polygonum sachalinense F. Schmidt. (Inoue et al, 1992). A number of phenolics 
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acids viz. ferulic acid, vanillic acid, p-coumaric acid and p-hydroxybenzoic acids have 
been identified from Sasa cernua Makino (Li et al, 1992). Mallik et al. (1994) 
identified chlorogenic acid from Chenopodium album L. Gallagher et al, (2010) 
identified different phenolic acids from wild oat, Avena fatua L. Thus, there is a long 
list of allelochemicals. Some of the potential identified allelochemicals from weeds 
are listed in Table 2. 
Table 2: List of different allelochemicals identified from different weeds. 
Source 
Ageratum 
conyzoides L. 
Ailanthus 
altissima (Mill.) 
Swingle 
Alliaria petiolata 
(Bieb) Cavara 
Anthioxanthum 
odoratum L. 
Aphelandra 
squarrosa Nees 
and^. 
fuscopunctata 
(Hook.) Vareschi 
Avena fatua L. 
Centaurea diffusa 
Lam. 
C. maculosa 
Lam. 
Chemical 
nature 
Phenolic acids 
Quassinoid 
Thiocyanates 
Phenolic acid 
Hydroxamic 
Phenolic acids 
Sesquiterpene 
lactone 
Flavonoid 
Chemical Name 
P- coumaric acid, gallic 
acid, ferulic acid, p-hydro-
Benzoic acid and anisic 
acid. 
Ailanthone 
AUyl isothiocyanate 
(AITC), benzyl 
isothiocyanate (BITC) 
Coumarin 
DIOBOA (2,4-dihydroxy-
1,4-benzoxazin-3(4H)-one) 
DIMBO 2,4-dihydroxy-7-
methoxy-1,4 benzoxazin-
3(4H)-one), HBOA 2-
hydroxy-1,4-benzoxazin-
3(2//) one ), HMBOA (2-
hydroxy-7-methoxy-1,4-
benzoxazin-3 (2//)-one) 
Ferulic , /7-coumaric acid , 
OH benzoic and vanillic 
acid 
Cnicin 
(±)-catechin 
Reference 
Batish et al.. 
2008 
Heisey, 1996; 
Heisey and 
Heisey, 2003 
Vaughn and 
Berhow, 1999 
Yamamoto 
1995 
Baumeler et 
al, 2000 
Gallagher et 
a/., 2010 
Fortunae/a/., 
2002 
Bais et al, 
2002; Alford 
et al, 2009; 
He et al, 
2009; Thorpe 
etal, 2009 
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Cistus ladanifer 
L. 
Cyperus rotundus 
L. 
Datura 
stramonium L. 
Delonix regia 
(Bqj. ex Hook.) 
Raf. 
Desmodium 
uncinatum (Jacq.) 
DC. 
Empetrum 
hermaphroditum 
Hagerup 
Fagopyrum 
esculentum 
Moench. 
F. esculentum 
Moench. 
Helianthus 
annuus L. 
lochroma 
australe Griseb. 
Lantana camara 
L. 
Leonurus sibricus 
L. 
Phenolic acids 
DicarboxyHc 
acis, phenolic 
acid, fatty acid 
Alkaloids 
Phenolic acid 
Isoflavones 
Tannins, 
phenolic acids 
Carboxamode 
Phenolic acids 
and fatty acids 
Flavonoids 
Withanolides 
Phenolic acids 
Phenolic acid 
Ferulic, cinnamic, 4-
hydroxybenzoic, 
hydroxycinnamic and p-
anisic acid, methyl 
propionate, azulene 
Succinic, p-coumaric, 
ferulic, palmitic acis, 
stearic acid, a-hydroxy-
hydrocirmamic acid, loeic 
acid, 4-hydroxy-
benzeneacetic acid 
Scopolamine and 
hyoscyamine 
Chlorogenic acid, 
protocatechuic acid, gallic 
acid, 3,4 
dihydroxybenzaldehyde, 
jp-hydroxybenzoic acid, 
caffeic acid and 3,5-
dinitrobenzoic acid 
Uncimanone A,B, and 
uncimanone B, 
Uncimanone C 
Batatasin-IIl 
Fagomine,4-piperidone, 2-
piperidine methanol 
Ferulic, caffeic, 
chlorogenic, palmitic, 
stearic, arachidic and 
behanic acid 
Heliannone A,B 
a.4,7p,20 a.trihydroxy-1-
oxowitha-2,5,24-
trienolide(2) 
p-hydroxybenzoic acid, 
vanillic acid, caffeic, 
protocatechuic, trans-
cinnamic gentistic syringic, 
ferulic, o-coumaric, p-
coumaric, and salicylic 
acid 
Caffeic acid 
Chaves e/fl/., 
2001 
Quayyum et 
al, 2000 
Lovett et al, 
1981 
Chou and Leu 
1992. 
Tsanuo et al, 
2003 
GaWci etal, 
1999 
Iqbal et al, 
2002 
Tsuzuki and 
Dong, 2003 
Rao et al, 
2001 
. Vaccarini and 
Bonetto, 2000 
Ambika et 
a/., 2003 
Mandal, 2001 
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Macaranga 
tanarius (L.) 
MuU.Arg. 
Parthenium 
hysterophorus L. 
Polygonella 
myriophylla 
(Small) Horton 
Polygonum 
sachalinens Fr. 
Schm. 
Prosopis juliflora 
(Sw.) DC 
Pueraria 
thunbergiana 
(Sieb& Zucc.) 
Benth. 
Rheum nobile 
Hook.f.«& 
Thomson 
SoUdago 
altissima L. 
Sphenoclea 
zeylanica Gaertn. 
Vulpia myuros 
(L.) C. Gmelin 
Flavonoids 
Terpenes 
Phenolic acids 
and Flavonoids 
Anthraquinone 
Amino acids 
and flavonoids 
Carotenoids 
Flavonoids 
Polyactylene 
Dithiolane 
oxides 
Phenolic acids 
Nymphaeol-A,B and C, 
quercetin, abscisic acid. 
blumenol A,B and C, 
tanariflavanone A, 
tanariflavanone B 
Sesquiterpene lactone 
Gallic acid, quercetin 
hydroquinone, and 
rhamnetin 
Emodin and physcion 
Tryptophem, syringin, (-)-
lariciresinol 
cis-, trans-xanthoxin and 
trans, trans-xanthoxin 
Quercetin-3-o-glucoside, 
quercetin 3-o-galactoside, 
quercetin3-o-rutinoside, 
quercetin 3-o- arabinoside, 
quercetin 
DME (dehydromatricaria 
ester) 
Zeylanoxide A, 
epizeylanoxide A, 
zeylanoxide B, epi-
zeylanoxide B 
Benzoic acid, ferulic acid, 
salicylic acid, vanillic acid, 
syringic acid, succinic 
acid, catechol, 
hydrocirmamic acid 
Tseng et al. 
2003 
Kanchan and 
Jayachandra, 
1980 
Weidenhamer 
and Romeo, 
2004 
Inoue et al, 
1992 
Nakano et al, 
2002 
Kato-
Noguchi, 
2003b 
Iwashina et 
al, 2004 
Ito etal, 
1998 
Hirai et al, 
2000 
An et al., 
2000,2001 
MODE OF ACTION OF ALLELOCHEMICALS 
Most of the allelochemicals are the secondary metabolites and are produced as 
byproducts of primary metabolic pathway (Rice, 1984; Putnam and Tang, 1986 and 
Rizvi et al, 1992). Secondary compounds have no physiological function essential for 
the maintenance of life (Aldrich, 1984). Delayed or inhibited germination and the 
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stimulation or inhibition of root and shoot growth often reported (Rizvi et ai, 1992). 
The mode of action of allelochemicals can broadly be divided into direct and an 
indirect action. Effects through the alteration of soil properties, nutritional status and 
an altered population or activity of micro-organisms and nematodes represent the 
indirect action. The direct action involves the biochemical/physiological effects of 
allelochemicals on various important processes of plant growth and metabolism. 
Processes influenced by allelochemicals involve: 
Mineral uptake (Rice, 1974) 
Cytology and ultra structure (Rice, 1974) 
Membrane and membrane permeability (Harper & Balke, 1981) 
Photosynthesis ( Einhellig & Rasmussen, 1979; Patterson, 1981) 
Respiration (Rice, 1974) 
Protein synthesis (Rice, 1974) 
Specific enzyme activity (Rice, 1984) 
Conducting tissue (Rice, 1974) 
Water relations (Rice, 1974) 
Genetic material (Rice, 1974, Aldrich, 1984) 
ALLELOCHEMICAL AND THEIR INTERACTION WITH SOIL 
NUTRIENTS 
Phenolic compound are the major allelochemicals found in soil infested with 
Quack grass (Whitehead et ai, 1982; Bobnick and Hagin, 1985). Quack grass is a 
widespread weeds its root and shoot residues were shown to be phytotoxic to several 
crops including soybean [Glycine max (L.)Merr], Navybean {Phaseolus vulgare L.) 
and alfalfa (Medicago sativa L.) Weston and Putnam (1986). 
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Upon release into the soil environment, phenolic forms component of the soil 
organic matter (Whitehead et al, 1981, 1982; Kobayashi, 2004). Phenolics occur in 
soil in three different forms-free reversibly bound and irreversibly bound. 
Phytotoxicity of many phenolic compoimds greatly depends upon whether they are 
free or bound forms. Free phenolic compounds significant play a phytotoxic role in 
soil environment (Huang et al, 1999). The most common phenolic acids found in 
soils are ferulic acid, p-coumaric acid, vanillic acid, protocatechuic acid (Whitehead 
et al, 1982; Chou and Lee 1991; Li et al, 1992), p-hydroxybenzoic acid (Kuiters and 
Dennemen, 1987; Whitehead et al, 1981) and salicylic acid (Shindo et al, 1978; Jalal 
and Read 1983). 
Sunflower is a well known for its allelopathic compounds. Several phenols 
and terpenes have been reported in various cultivars of sunflower (Macias et al. 
2000a) .The allelopathic potential of three sunflower cultivars against weed known as 
most problematic in wheat including Chenopodium polymorpha L., Rumex dentatus 
L. and Phalahs minor Retz. The major source of allelochemicals in the rhizosphere is 
believed to be plants. These allelochemicals are generated directly or indirectly from 
precursor compounds released into the root zone and subsequently transformed 
through a biotic or biochemical reaction through the action of microbes or higher 
organisms (Tang et al, 1989). Allelopathic interaction in soil environment depend 
greatly on the turnover rate of allelochemicals in the soil rhizosphere and their 
interaction with clay organic matter and other factors which change the 
physiochemical and biotic characteristics of the soil (Blum, 1995; Blum and Shafer, 
1998). Recent research by Blum and his laboratory have shown that soil texture, soil 
pH, organic carbon, available nitrogen are also very important in influencing uptake 
of allelochemicals and their ability to persist in the presence of soil microorganisms 
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(Blum, 1995). The presence of allelochemicals in soil with grown plants was reported 
for several plant species (Chou and Lee, 1991). The main allelochemical found in 
rhizosphere soil of Ageratum conyzoids L. identified are P- coumaric acid, gallic acid, 
ferulic acid, p-hydro-Benzoic acid and anisic acid (Batish et ai, 2008). Soil moisture 
dynamics can also influence the phytotoxicity of allelochemicals. Thus use soil as the 
medium of plant growth is an important aspect of such studies, as this brings 
condition closed to the natural situation and any change (Sorption chemical or 
microbial decay) in the bioactive concentration of allelochemicals upon entering the 
soil can be effectively demonstrated (Wardle and Nilsson, 1997; Blum et ai, 1999). 
Such studies using soil as the growth stimulate natural environment condition and 
carry great ecological significance. 
In a grassland ecosystem, accumulation of litter may influence soil pH, reduce 
ammonia losses, decrease wet nitrogen deposition and change the chemical 
composition of rainfall reaching the soil (Knapp and Seastedt, 1986; Facelli and 
Pickett, 1991). Soil pH is an important factor for uptake of allelopathic compounds 
(Blum, 1996). Both available nitrogen and concentration of soil action such as Ca, Zn, 
Cu, Mn and Na has been reduced by the incorporation of rice residues in soil (Chou 
and Chou, 1979. Pal et ai, (1994) reported that the polyvalent elements Cu"'^  Mn""^  
and Fe "^  facilitate the transformation of phenolic compounds. Similarly p-coumaric 
and vanillic acids identified in barley {Hordeum vulgare L.) had great effect on 
growth under nitrogen and phosphorus deficient conditions. Protocatechuic acid 
complexed with Fe and A) resulting in increased solubility and mobility of these 
metal ions (Shindo and Kuwatsuka, 1977a, b) 
Soil microorganisms also play an important role in allelopathy because they 
have the potential to modify the effects, degrading toxic compounds or producing 
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toxic ones (Inderjit, 2001). AUelopathic compounds bound to soil particles can be 
released into the soil solution by the action of fungal populations. 
ALLELOPATHIC POTENTIALITY OF WEED 
Many weeds in the nature act as agent of weed control through the release of 
some chemicals by root exudation, leaching, volatilization and death and decay of the 
plant parts. These allelochemicals inhibit the growth of other weeds. Parthenium 
hysterophorus L. is an obnoxious weed of today, which creates many problems in the 
agricultural fields and other weeds. Parthenin, sesquiterpene lacton is the chemical 
present in this plant which exhibits the allelopathy. Parthenin is known to have 
specific inhibitory effects on root and shoot growth of Crotalaria mucronata L., 
Cassia tora L., Oscimum basilicum L., Oscimum americanum L. and Hordeum 
vulgare L. (Khosla and Sobti. 1979, 1981). Higher concentration of shoot leachates of 
Cassia occidentalis L. reduces the germination percentage, shoot cut bioassay, 
seedling bioassay and chlorophyll content of Parthenium. (Knox et ai, 2011). 
Aqueous extract of Parthenium inflorescence, stem and leaf inhibited the seed 
germination and seedling growth of Cassia occidentalis L. C. tora L., C sophera L. 
(Rehman 2006 a, b). Similar results also reported on Eragrostis tef (Zucc.) Trotter 
(Tefera, 2002). Sisodia & Siddiqui (2010) conducted a study to investigate the 
allelopathic effects of Croton bonplandianum weed on seed germination and seedling 
growth of crop plants {Triticum aestivum L., Brassica oleracea var. botrytis L. and 
Brassica rapa L.) and weed plants {Melilotus alba Medik., Vicia saliva L. and 
Medicago hispida Gaertn). Aqueous extracts of root, stem and leaf of Croton at 0.5, 
1.0, 2.0 and 4.0% concentrations were applied to find out their effect on seed 
germination and seedling growth of test plants under laboratory conditions. The root, 
stem and leaf extracts had no effect on seed germination. The stem extracts had a 
37 
stimulatory effect on the shoot length at all concentration levels, as against an 
inhibitory effect of leaf extracts. Among the different parts, leaves were the most 
allelopathic and stems were least allelopathic. The inhibition effect was found to 
increase with increasing concentrations of different aqueous extracts (Sisodia and 
Siddiqui, 2008, 2009). Stem extracts at low concentration generally promoted root 
length but leaf and root extracts inhibited root length and dry weight. Root length, 
shoot length of weed species decreased progressively when plants were exposed to 
increasing concentration (0.5, 1, 2 and 4%). It was also found that with increasing 
concentrations of aqueous extracts of different parts of C. bonplandianum, the 
osmotic potential and phenolic content increased while pH does not have any major 
change. Chenopodium album L. green manure inhibits germination of Phalaris minor 
Retz. (Om et al., 2002). An aqueous extract of quack grass [Agropyron repens (L.) 
Beauv] was reported to contain a phytotoxic effective against germination and radical 
growth of several species of weed and crop plant (Weston et al, 1987). Flower extract 
of Acacia melanoxylon caused the reduction in germination and root length of some 
weeds (Hussain et al, 2011). 
Some allelochemicals (mainly phenolic acids) identified from weed residue 
are listed below Table.3 
TabIe-3. Allelochemicals identifled from weed residue. 
Common 
name 
Arrow 
bamboo 
Bill goat 
weed 
Buckwheat 
Canada 
Botanical 
name 
Sasa cernua 
Makino 
Ageratum 
conyzoides L. 
Fagopyrum 
esculentum 
Moench 
Cirsium 
Allelochemicals (s) 
Ferulic, vanillic, p-coumaric 
and p-hydroxybenzoic acids. 
Gallic, sinapic, coumaric, 
protocatechuic, p-coumaric, p-
hydroxybenzoic and benzoic acids. 
Ferulic, caffeic, chlorogenic, palmitic, 
stearic, arachidic and behenic acids. 
Caffeic, ferulic, chlorogenic, p-
Reference(s) 
Li et al., 1992 
Xuan 
et al.,2Q04 
Tsuzuki and 
Dong, 2003 
Hussain e/a/., 
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thistle 
Cocklebur 
Cogon grass 
or alang-
alang 
Common 
Rue 
Congress 
grass 
Curly dock 
Giant rats tail 
grass 
Jahanson 
grass 
Japanese 
brome 
Lamb 
squatter 
Lantana 
Milk 
purslane 
Nettle-leaved 
Goosefoot 
Palmer 
amaranth 
Pellavatankio 
arvense{L.) 
Scop. 
Xanthium 
strumarium 
L. 
Imperata 
cylindrica 
(L.) Rausch. 
Ruta 
graveolense 
L. 
Parthenium 
hysterophorus 
L. 
Rumex 
crispus L. 
Sporobolus 
pyramidalis 
Beauv. 
Sorghum 
halepense L. 
Bromus 
japonicus 
Thunb. Ex 
Murr. 
Chenopodium 
album L. 
Lantana 
camara L. 
Euphorbia 
supina Raf. 
Chenopodium 
murale L. 
Amarantus 
palmeri S. 
Wats 
Commelina 
alyssum 
(Mill) Thell. 
coumaric, /?-hydroxybenzoic and 
vanillic acids. 
Caffeic, /p-coumaric, p-
hydroxybenzoic, chlorogenic and 
ellagic acids. 
Vanillic, p-coumaric, syringic 
chlorogenic acids, scopolin, 
scopoletin and isochlorogenic acid 
Flavonoides, furocoumarins 
Anisic, /?-hydroxybenzoic, cinnamic, 
salicylic, jo-coumaric, ferulic, caffeic, 
vanillic, chlorogenic, gallic, fumaric 
acids and sesquiterpene lactones 
(parthenin and coronopilin). 
Phenolic compounds 
Ferulic./7-coumaric acids 
Phenolic compounds mainly 
chlorogenic, p-coumaric acids and p-
hydroxybenzaldehyde. 
Phenolic acids 
Chlorogenic acid 
p-Hydroxybenzoic, vanillic, 
p-coumaric, 
protocatechic,gentisic,caffeic,syringic, 
ferulic,o-coumaric,trans-
cinnamic and salicylic acids. 
Galli and tannic acids 
Oxalic acid 
Ph3^ol, chondriliasterol, vanillin, 3-
methoxy-4-hydroxynitrobenzene and 
2,6-dimethoxy- benzoquinone 
Vanillic, p-hydroxybenzoic, ferulic 
acids. 
1987 
Inam et al, 
1987 
Abdul-Wahab 
and Al-
Naib,1972; 
Eussen and 
Niemann, 1981 
Aliottae/a/., 
1999 
Kanchan, 1975; 
Kanchan and 
Jayachandra, 
1980 
Einhelling and 
Rasmussen, 
1973 
Rasmussen and 
Rice, 1971 
Rice, 1965 
Rice and 
Parenti,1967 
Mallikera/.. 
1994 
Achhireddy ef 
a/., 1985; 
Ambika et 
a/., 2003 
Rice, 1965,1969 
Datta and 
Ghosh, 1987 
Fischer and 
Quijano,1985 
Grummer and 
Beyer, 1960 
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Prickly glass 
wort 
Quack grass 
Rag weed 
Siam weed 
Silver grass 
Small 
Everlasting 
Spanish 
health 
Wild oat 
Wild red rice 
Wormseed 
Yellow 
Fieldcress 
Yellow 
nutsedge 
Salsola kali 
L. 
Agropyron 
repens (L.) 
Beauv. 
Ambrosia 
artemisiifolia 
L. 
Chromolaea 
odorata (L.) 
King& 
Robins 
Vulpia spp. 
Antennaria 
microphylla 
Rydb. 
Erica 
australis L. 
Avenafatua 
L. 
Oryza 
perrennis 
Moench nom. 
dub. 
Chenopodium 
ambrosioides 
L. 
Rorippa 
sylvestris 
(L.) Besser 
Cyperus 
esculentus 
L. 
Ferulic acid. 
Succinic, p-coumaric, p-
hydroxyphenylpropionic, 
phenylacetic, cinamic and 3-4 
dihydroxyphenylpropionic acids 
Sesquiterpene hydrocarbons, methyl 
caffeate, and a mixture of P-sitosterol 
and stigmasterol 
Phenolic acids and alkaloids 
Pyragallol, catechlo, 3, 4-
dimethoxyphenol, coniferyl alcohol, 
vanillic, /7-coumaric, hydroquinone, 
protocatechuic, benzoic, p-hydroxy-
benzoic, hydrocinnamic salicylic, 
gentisic, syringic, succinic, a-
hydroxy-benzenepropanoic, p-
hydroxybenzene propanoic, 
hydrocaffeic, p-hydroxyphenyl acetic, 
hydroferulic and ferulic acids. 
Caffeic acid, arbutin hydroquinone. 
Protocatechuic, vanillic, p- coumaric, 
p-hydroxybenzoic acids 
Vanillic, ferulic, caffeic, chlorogenic, 
p-coumaric, p-hydroxybenzoic, 
ellagic acids and scopoletin 
Phenolic acids 
Terpenes 
Salicylic, p-hydroxybenzoic, vanillic, 
syringic acids, hirsutin, pyrocatechole 
isothiocyanates. 
Syringic, p-hydroxybenzoic, vanillic, 
ferulic, p-coumaric acids. 
Lodhi, 1979b 
Lynch and Penn, 
1980 
Fischer and 
Quijano, 1985 
Ambika, 1999 
An et al, 
2000a,b 
Maners and 
Galitz,1986 
Carballeira and 
Cuervo, 1980 
Schumacher 
etal, 1983; 
Qureshie et al., 
1987 
ChoueM/., 
1991 
Datta and 
Ghosh, 1987. 
Yamane et al, 
1992a 
Sanchez-Tames 
etal, 1973 
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MATERIALS AND METHODS 
For the present study, different parts of Tinospora cordifolia (Willd.) Miers 
ex. Hook, f & Thorns, and soil under it were collected from the premises of Aligarh 
Muslim University, Aligarh. Detailed methodologies of experiments are discussed 
below: 
COLLECTION OF PLANT MATERIAL 
The plants of T. cordifolia were collected locally from the areas around the 
university campus. Different parts i.e. leaves, stem, roots and aerial roots were 
collected from the plant. Washed the plant parts thoroughly in running tap water. 
Each part was separately shade dried and powdered in an electric grinder and stored in 
labeled polyethylene bags till used. 
PROCUREMENTS OF SEEDS 
For the growth studies the viable, healthy and uniform seeds of weed plants, 
Chenopodium album L., Chenopodium murale L., Cassia tora L. and Cassia sophera 
L. were collected from the agricultural fields of Aligarh and premises of the university 
campus. 
COLLECTION OF SOIL 
1. Rhizosphere soil 
Rhizosphere soil i.e. soil in and around of the root system (approximately at 5-
15 cm depth and 10 cm radius) was collected from T. cordifolia invaded areas of 
Aligarh. The soil was collected from different sites. The collected soils samples were 
shade dried, sieved through 2 mm sieve and filled in labeled polyethylene bags till 
ftirther use. 
2. Control Soil 
The soil was also collected from nearby areas free of T. cordifolia (at least 50 m 
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away) to serve as control. The collected soil samples were shade dried, sieved through 
2 mm sieve and filled in duly labeled polyethylene bags till further use. 
PREPARATION OF T. CORDIFOLIA EXTRACTS 
For this purpose, requisite amount of dried and powdered leaves, stem, root 
and aerial roots of T. cordifolia was immersed, separately, in requisite amount of pure 
water (conductivity < 0.05 at 25°C) for 18 - 20 h. The conical flask with content were 
shaken thoroughly and filtered through Whatman No. 1 filter paper. The filtrate is 
diluted with distilled water for the preparation of various lower concentration of the 
extract. 
Dried and powdered material 
Soaked in pure water for 24 hrs. 
Residue Filtrate 
(Discarded) (Aqueous Extract) 
Protocol: Scheme for extraction of aqueous extract. 
The content was filtered through Whatman No. 1 filter. The filtrate was 
termed as aqueous extract and stored in refrigerator for further use. 
PREPARATION OF AMENDED SOILS 
Amendments in soils were done by dried and powdered plant material (Stem, 
leaves, root and aerial root) were directly mixed in soil. 
1. Powder Amended Soils 
In this case, requisite amount of dried powder of plant material was mixed in 
control soil so as to get the concentrations of 0.5, 1, 2 and 4% (w/w). The contents 
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were mixed thoroughly and used for growth studies. These were termed as powder 
amended soils. 
GROWTH STUDIES 
Under Laboratory Condition 
Germination Trials: 
The seed germination trial was performed following International Seed 
Testing Association rules. Uniform, healthy and viable seeds of the weed plant under 
test were collected from the agriculture field and road sides of Aligarh. These seeds 
were washed thoroughly in ruiming water and subjected to germination trial in 
response to the treatments. Ten seeds were pre soaked in respective treatment solution 
at room temperature for 24 hrs. Treatment with pure water served as control. The 
seeds of each treatment were placed equidistantly in 15cm diameter Petri dishes. For 
this purpose the each Petri dish was lined with 2 layers of filter paper. The filter paper 
was moistened with respective aqueous extract or pure water (control). Three 
replicates were maintained for each treatment. The whole set was placed in a seed 
germinator maintained at 30±2°C temperature, relative humidity of 25 ±1% and 
continuous light of approximately 4000 lux for 24 h. daily. Emergence of radicle 
considered as the germination. Observation was continued for 15 days till no more 
seeds germinated. 
After 15 days of germination, radicle length and plumule length of all 
germinated seedlings were measured and also determined their dry weight by drying 
in oven set at 75°C for 20h. 
2. Under Green house Condition (In Glasses) 
Growth studies were conducted in November, in thermocol glasses maintained 
at net house. For this purpose, 200 g of rhizosphere soil of T. cordifolia, all types of 
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amended soil as well as control soil (unamended) were filled in labeled thermocol 
glasses. Three replicates were maintained for each test plant. Seven healthy and viable 
seeds of each weed were placed at 1 cm below the soil surface in each glass. The 
glasses were placed under natural conditions and arranged in a completely 
randomized block design and adequately watered daily. The plants in each glass were 
allowed to grow for one month after one month, number of plants emerged, were 
counted. These plants were carefiilly uprooted and their root length, shoot length were 
measured and dry weight were determined by oven drying at 75 °C for 24h. 
SOIL ANALYSIS 
DETERMINATION OF SOIL pH AND CONDUCTIVITY 
Soil extracts were prepared by mixing dried soil and pure water in the ratio 1: 
2(w/v). For this, 20 g soil was mixed in 40 ml pure water. At least three samples, each 
were kept for both Tinospora cordifolia and control soil. The slurry of each soil type 
was stirred thoroughly for 1 h and kept undisturbed for 15 minutes. Aqueous extracts 
of respective soils were taken in beakers. The pH and conductivity of soil extracts 
were read directly with pH and conductivity meter, respectively. 
DETERMINATION OF pH OF EXTRACTS 
The pH of each extract prepared from different plant parts was determined by 
immersing electrode of EcoScan digital pH meter (Eutech Instruments, Singapore). It 
was presented as mean of five replicates. 
EXTRACTION OF LEACHABLE ALLELO-CHEMICALS 
(PROTOCOL: I) 
Based on the methods devised by Kumari et al, (1985), healthy and freshly 
collected leaves of T. cordifolia were cut in to small pieces after clearing their surface 
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and their dry weight per unit fresh weight were determined by desiccating the tissue in 
the oven. 
The weighed amount of fresh leaf pieces of the plant was soaked in requisite 
amount of pure water (resistively more 18.5 mega ohms cm. and conductivity less 
than 0.05 \i Simons cm at 25°C) for a period of 20 hrs. at room temperature. It was 
filtered completely through triple layer of muslin cloth and the requisite concentration 
was made with water. One half of this filtrate referred to as the aqueous leachates was 
used as such, while the other part was chilled and subjected to acid hydrolysis using 
pre-chilled, 3N HCl. The precipitates so formed were recovered through 
centrifiagation (2000 rpm). These were washed 5-6 times with pure water. Every time 
the recovery was made through centrifiagation. For experimental purpose, requisite 
amount of the precipitate was dissolved in a few drop of ethyl alcohol and the final 
volume was made with pure water. A drop of tween 20 was added to it, to serve as 
surfactant. This is referred to as aglycone or aglyconic or organic component of 
aqueous leachates. In this study however, aglyconic components have not been taken 
into consideration due to insignificant formation of the precipitates when 3N HCl was 
added. 
EXTRACTION OF ORGANIC FRACTION (PROTOCOL: II) 
Freshly collected, surface cleaned and healthy leaves of the requisite plant 
were dried under shade and powdered. The powder was immersed in Petroleum ether 
(60°-80°C) for 20 hrs. The liquid was separated from the residue (marc), through mild 
centrifugation (500rpm for 2 min). From the liquid portion the solvent (Petroleum 
ether) was recovered on a hot water bath. Requisite amount of the residue so obtain 
was weighed and a few drops of Xylene, a part from a drop of tween-20 (to act as 
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surfactant) were added to it. Final volume was made with pure water. This was termed 
Petroleum ether fraction (PF). 
The marc (residue from Petroleum ether suspension) was suspended in 
methanol for 20 hrs and filtered, from one half of the filtrate. Methanol was recovered 
on a hot water bath. The residue, so obtained was dissolved in a drop of methanol and 
the final volume was made with pure water. It has been called Methanol fraction 
(MF). From another half of methanol filtrate the solvent was removed and the residue 
was partitioned between chloroform and water (1:1 VfV). The two layers so formed 
were separated in a separating fimnel. The chloroform was recovered over a hot water 
bath. To the requisite amount of residue a few drops of methanol were added and the 
final volume was made with pure water. This has been termed as the chloroform 
fraction (CF). The water from the aqueous layer after separating chloroform fraction 
was dried under low pressure on a rotary flash evaporator. The solution made with 
water has been termed as the water fraction (WF). 
Treatment to Mature Plants: 
The plants of the test species were raised in earthen pots of 6" diameter. The 
plants were given a fine mist of aerial spray (20 ml / plant) of the requisite 
concentration of requisite treatment solutions for 3 consecutive evening. 
Respective spray of pure water served as control. On the day, following the 
last spray, the leaves were plucked, surface cleaned with a brush and used for further 
estimations. 
46 
Fresh leaves 
Soaked in distilled water for 
20 hrs. at room temperature 
Filtration through trijJle layer of muslin cloth 
Residue 
(Discarded) 
Filtrate 
Filti^ ate 
(Divided equally) 
Filtrate 
Added equal volume of 
Pre chilled 3N HCL 
Aquous leachates 
Precipitates Supernatant discarded 
Washing several time with 
distilled water 
Centrifugation 
(2000 r. p. m. for 5 min. at 10°C) 
Supernatant 
(Discarded) 
Residue 
Organic component of 
aqueous leachates 
Air dried 
Fresh dry powder, weighed, dissolved in a few drops of 
ethyl alcohol and requisite volume was made with 
distilled water 
PROROCOL I: Extraction of aqueous leachates and organic component 
of aqueous leachates (After Kumari et al., 1985) 
47 
Filtrate 
Residue 
Pet. Ether 
fraction 
Shade dried leaves 
Suspended in Pet. ether (60°C-80°C) 
for 24hrs. and filtered. 
Residue (Marc) 
Filtrate 
Weighed amount dissolved in a few 
drops of xylene and divided equally 
tween- 20 addedas a surfactant and 
final volume made with distilled water 
Suspended in methanol 
for 24hrs.and filtered 
Residue 
(Discarded) 
Methanol extract I Methanol extract II 
Methanol recovered under low pressure (Discarded) i lv 
Residue 
Methanol fraction 
Weighed amount dissolved in a few 
methanol and final volume drops of 
made with distilled water 
Chloroform layer 
Chloroform recovered 
under law pressure 
(Discarded 
Residlue 
Chloroform fraction 
Weighed amount dissolved in a 
few methanol and final volume 
drops of made with distilled water 
Residue 
Partitioned 
betWeen 
chloroform and 
water 
Aqueous layer 
Concentrated under 
low pressure 
Water fraction 
Requisite amount weighed and 
final volume made with water 
PROROCOL II: Extraction of different organic fractions from the leaves (After 
Kumari etal., 1985). 
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DETERMINATION OF MACRO-MOLECULES: 
Preparation of dry material for macro-molecular estimation 
For the estimation of macro-molecule the material was crushed in acetone. It 
was freed of pigments by repeated washing in acetone for about three days. The 
crushed tissue was then put in 1: 1 v/v mixture of acetone and petroleum ether for 24 
hours followed by further suspension in petroleum ether for 2 hours and then air 
dried. The dried powder was used for estimation of total proteins, water-soluble and 
acid soluble carbohydrates. 
CARBOHYDRATE CONTENT 
The methodology employed by Loweus (1952) was followed for this purpose. 
Extraction: 
(a) Water-Soluble Carbohydrates- To 5 mg dry powdered material was added 5 ml. 
of pure water. It was kept in boiling water bath for 5 min and centrifuged; the 
supernatant was used as acid soluble fraction (ASF). 
(b) Acid Soluble Carbohydrates-To the residue left as above was added 5 ml. of 6 N 
HCl. This was kept in a boiling water bath for 20 min and centrifuged. The 
supernatant was used as water-soluble fraction (WSF). 
Estimation: 
To 1 ml solution (each of WSF OR ASF) was added 4 ml. of Anthrone reagent 
(0.2% Anthrone dissolved in concentrated H2SO4). The tubes were kept in boiling 
water bath for 10 min. The concentration of carbohydrates from the brownish yellow 
to green colour was read at 620 nm. By pressing concentration key in the dual beam 
spectronic 1201 spectro-photometer against a known concentration of glucose as 
standard. The carbohydrate content was expressed as mg/g dry weight of material. 
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ESTIMATION OF TOTAL SOLUBLE PROTEINS 
The method as given by Lowry et al. (1951) was adopted for this purpose. 
Reagents: 
a- 2% sodium carbonate in 0.1 sodium hydroxide. 
b- 0.5% copper sulphate in 1% sodium citrate. 
c- 50 ml of reagent' a' mixed with 1 ml of reagent ' b ' . 
d- Folin Cio-calteu reagent from BDH (diluted with two volume of pure 
water before use). 
Estimations: 
To 5 mg dry powder of the material was added 5 ml of reagent 'c' with 
simultaneous thorough shaking. After 10 min., 0.5 ml of reagent's' was added to it 
and the solution was shaken properly. The concentration of protein of the blue 
coloured solution thus obtained \yas read directly after half an hour at 700 nm against 
0.1 mg/ml of standard albumin on dual beam supertonic 1201 spectro-photo-meter 
pressing the use of concentration key. The content was expressed as mg/ g dry weight. 
ESTIMATION OF CHLOROPHYLL CONTENT 
The total chlorophyll content from leaves of treated or control plants were 
extracted in Di-methyl Sulphoxide (DMSO) following the method of Hiscox and 
Israelstam (1979). Finely cut uniform discs (100 mg fresh weight) were made fiilly 
expanded leaves of test plants. Dry weight equivalents of each of the treated samples 
were determined by keeping lOO.mg fresh weight discs in an oven. 
The weighted material (100 mg. fresh weight leaf disc) was suspended in 10 
ml of Di-methyl sulphoxide (DMSO) incubated at 65°C for one hour (the period of 
incubation was found sufficient for the complete extraction of chlorophyll). The 
DMSO was recovered by thorough decantation. The final volume was corrected to 10 
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ml with fresh DMSO. The extinction of chlorophyll thus recovered in DMSO was 
measured at dual wave -length of 645 and 663 nm on spectro-photometer against 
DMSO as blank. The extinction values were read and the amount of chlorophyll was 
calculated according to the equation given by Amon (1949), with modification by 
Hiscox and Israelstan (1979). 
Total Chi. (Mg/mg) = (6.45 xA 663) + (17.72 x A645). 
Where A645 and A663 represent extinction at values at 645 rmi and 663 nm 
respectively. 
STATISTICAL ANALYSIS 
All experiments were performed in randomized block design and repeated. 
Sampling of the material from different experiments involving root and shoot length, 
seedling dry weight and macro-nutrient analysis were made randomly both in control 
and treated samples, respectively. For each case at least three replicates were 
maintained. 
The data from the experiment samples were analyzed by one-way analysis of 
variance and mean were separated at P< 0.05 by Duncan Multiple Range Test 
(Duncan, 1955). In case where a comparison of treatment with control was made, 
two-sample student's t-test was applied and presented only when the difference was 
significant. Besides, the data were subjected to determination of correlation 
coefficient between treatment and their respective concentrations wherever necessary. 
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Results 
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Experiment on 
Rhizosphere soil 
* * ^ 
OBJECTIVE 
To study the effect of soil collected from Tinospora cordifolia (Willd.) Miers 
invaded fields on growth of some test plants. 
OBSERVATION PARAMETERS 
Following observations were made: 
1. Measurement of physical characteristics like pH and electrical conductivity of 
the soil collected from thick stands of T. cordifolia. 
2. Impact of rhizosphere soil of the weed on cumulative growth (in terms of root 
and shoot lengths and dry biomass per seedling) of few weed plants namely, 
Chenopodium album L., Chenopodium murale L., Cassia tora L. and Cassia 
sophera L. 
MATERIALS AND METHODS 
Collection of Soil and Evaluation of its Physical Characteristics 
Rhizosphere soil was collected from T. cordifolia invaded areas of Aligarh. 
The soil collected from different sites. The control soil was collected from the area, 
free of T. cordifolia, served as control. 
These soils were shade dried, ground and sieved (to remove pebbles and other 
impurities) and subjected to evaluation of pH and electrical conductivity. The method 
instruments used for various physical characteristics have discussed in detail under 
section 'Material and Methods'. 
GROWTH STUDIES 
For growth studies, seeds of weed plants i.e. Chenopodium album, C. murale. 
Cassia tora and C sophera were collected from the fields of Aligarh and the premises 
of the campus. They were subjected to growth studies in pots filled with soil samples 
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(from T. cordifolia inhabited area as well as control). For each test plant and 
treatment, three replicates were maintained. The whole set-up was maintained under 
green house conditions. After one month, seedlings were uprooted carefully, keeping 
the root system intact. Their root length and shoot lengths were measured and biomass 
quantified after oven drying. 
STATISTICAL ANALYSIS 
The data were subjected to ANOVA followed by Duncan's Multiple Range 
Test (DMRT) as per Duncan (1955) and 2 sample t-test, wherever applicable. 
RESULTS 
SOIL CHARACTERISTICS 
The soil collected from T. cordifolia invaded area as well as from non-invaded 
(weed-free i.e. control) area were analyzed for some physical characteristics. In 
general, the soils were slightly alkaline, in both the control as well as T. cordifolia 
invaded area and a little statistically significant difference was observed among these 
soils (7.65 pH in control and 7.63 pH in rhizosphere soil). However, the electrical 
conductivity was found maximum in T. cordifolia invaded site (189.6 |LIS) followed 
by control (130.2 |iS). The differences among these two were also statistically 
significant. 
GROWTH STUDIES IN RHIZOSPHERE SOIL OF T. CORDIFOLIA 
(a) Germination 
Seeds of each test plants were germinated in the soil, collected from Tinospora 
cordifolia invaded field as well as the control. Since, there was no change in 
germination. Data have not been presented. 
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(b) Root Length 
In general, root length of test plants emerging from the seeds sown in 
rhizosphere soil of T. cordifolia was shorter than those of control. The root length of 
Chenopodium album was found to be 5.62 ± 0.17cm in control. Compared to this, 
when grown in soil collected from T. cordifolia invaded area these root length was 
measured to be 2.46 ± 0.23 cm reduced by 56.23% as compared to control 
(Figl.la).This reduction was statistically significant. In case of Cassia sophera root 
length was 3.28 ± 0.15cm compared to 6.32 ± 0.54 cm in control, reduced by 48.10% 
(Fig 1.1a). Similarly, in Chenopodium album and Chenopodium murale the reduction 
were 46.20% in C. album and 38.85% respectively (Fig. 1.1 a). The maximum 
reduction was observed in Cassia tora (56.23%) while minimum was in 
Chenopodium murale (38.85%). 
(c) Shoot Length 
The shoot length of each test plant grown in the soil collected from T. 
cordifolia invaded area was less than the respective values of those grown in soil 
collected from T. cordifolia free area or control. In case of C tora, the shoot length 
of seedlings was measured to be 8.32 ± 0.13cm, when grown in control (Figl.lb). 
Compared to it, when grown in the soil collected from T, cordifolia infested area, the 
shoot length was 4.17 ± 0.56cm (Figl.lb) reduced by 49.88%. In Cassia sophera, 
shoot length reduced by 39.75% as it was 6.38 ± 0.72 in rhizosphere soil in 
comparison to 10.59 ± 0.28 cm in control soil (Fig 1.1b). While in case of 
Chenopodium album and C murale when grown in rhizosphere soil was reduced by 
35.34% (7.32 ± 0.14 cm) and 37.43% (6.87± 0.15 cm) respectively (Figl.lb). 
54 
Fig. 1.1: Root length (a), shoot length (b) and dry biomass (c) of test plants one 
month after sowing in soil collected T. cordifolia invaded area or control. 
C. tora C. sophera C. album C. murale 
C. tora C. sophera C. album C. murale 
*represent significant difference between data pertaining to growth of test plants in control and infested 
soil applying 2 sample t- test. 
Values in parenthesis represents the percent reduction of control. 
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(d) Dry Biomass 
The dry biomass, of seedling grown in T. cordifolia invaded soil was less as 
compared to control. Among all test plants maximum reduction was observed in C. 
album i.e. about 49.88%. It is followed by C. tora (39.76%), C murale (36.74%) and 
minimum reduction in C. sophera i.e. 31.48%. When seeds were grown in soil 
collected from T. cordifolia invaded area i.e. the dry weight was measured to be 9.18 
± 0.12, 10.42 ± 0.27, 3.45 ± 0.19 and 4.68 ± 0.13 mg in C tora, C. sophera, C. album 
and C. murale respectively in control (Fig. 1.1c). In all cases, a significant reduction 
in plant dry weight was noticed. 
DISCUSSION 
How these inhibitors or allelochemicals are released or accumulated in soil, 
only speculations can be made. Rice (1984, 1995) pointed that leachation aided by 
natural agencies of water, decomposition; root exudation and volatilization are four 
possible modes of release of allelochemicals. Allelochemicals may be released 
through any of these or through all of these modes. In the present case, we speculate 
that leachation and microbial decomposition may have caused the release of 
allelochemicals as the study was conducted in rainy season where not only the 
leachation is quick but the rate of decomposition of fallen plant parts is also high. 
Further, the allelochemicals are continuously being added to the rhizosphere because 
of its quick multiplication and rapid growth. 
The bioassay studies conducted in T. cordifolia rhizosphere soil indicates a 
retardatory effect on growth, the magnitude of which varied from species to species. 
It is clear from the experiments that growth of the test plants i.e. Chenopodium album 
L., Chenopodium murale L., Cassia tora L., and Cassia sophera L., was significantly 
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affected when grown in the soil collected from T. cordifolia invaded fields 
(rhizosphere soil) compared to control. All test plants height and biomass 
accumulations were reduced in rhizosphere soil. On the basis of root length of the 
test plants, the retardatory effect of test plants appeared to be Cassia tora > Cassia 
sophera > Chenopodium album > Chenopodium murale. On the basis of shoot length 
the decreasing order of test plants was shown Cassia tora > Cassia sophera > 
Chenopodium murale > Chenopodium album. In the case of dry weight the 
decreasing order of the test plants Chenopodium album > Cassia tora > 
Chenopodium murale > Cassia sophera. 
The studies indicate that some inhibitors are present in the rhizosphere soil of 
T. cordifolia that adversely affects the early growth of test plants compared to control. 
The presence of phenolics in the soil inhabited by T. cordifolia indicates that might be 
adversely affecting the growth of other plants grown in rhizosphere soil. On the other 
hand, the phenolics- a well known group of secondary metabolites (Harbome, 1989; 
Seigler, 1996; Mizutani, 1999) were found in appreciable amount in rhizosphere soil 
compared to control soil. Several studies have indicated that these phenolics are 
responsible for growth retardatory effect on other plants including crops thus causing 
appreciable injury in the growing plants (Rice 1984, 1995; Qasem and Foy, 2001; 
Weston and Duke 2003; Sisodia and Siddiqui, 2009). 
Rhizosphere soil is an active root zone of soil, which is densely populated and 
where most of the biotic interaction among microorganisms occurs (Walker et ai, 
2003). It is also an abundant source of organic material on which fauna and flora is 
dependant for food (Ryan and Delhaize, 2001). Most of the chemicals especially 
allelochemicals released from plants also accumulate in this zone. These may be 
released by roots as exudates or from above-ground parts through leachation or 
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microbial degradation. Roots, however, are known to serve as one of the major source 
of organic chemicals released through root exudation. These exudates may contain a 
diversity of chemicals that regulate the biotic communities of soil besides its physical 
and chemical properties. These also inhibit growth of competing species (Rovira, 
1969).Walker et al. (2003) and Verma and Rao (2006) have reported that plants 
release a number of low (phenolics) and high (polysaccharides, proteins) in this 
respect. The presence of phenolic allelochemicals in rhizosphere soil of Tinospora 
invaded fields indicates that these might have been release from the plants through 
any of the mode. Based on these observations, the growth retardatory effects of weeds 
may be attributed to allelochemicals in the rhizosphere soil of Tinospora invaded 
fields. 
58 
^ 
Experiment on 
Aqueous extracts 
m 
OBJECTIVE 
To study the phytotoxic effect of different parts of T. cordifolia (Willd.) Miers 
collected from the premises of Aligarh Muslim University Campus, Aligarh. 
OBSERVATION PARAMETERS 
1. Study the seedling growth in terms of root length, shoot length and dry weight of 
the weed plants Chenopodium album L., Chenopodium murale L., Cassia tora L. 
and Cassia sophera L. in response to different concentrations (0.5, 1, 2 and 4%) 
of extracts prepared from leaves, stem, roots and aerial roots collected from 
mature plant was studied. 
2. pH of extracts were also determined. 
METHODOLOGY 
Mature leaves, stem, roots and aerials roots were collected separately from the 
field growing T. cordifolia were dried, powdered and stored in polyethylene bags till 
fiirther used. For each part, aqueous extracts of different concentrations (0.5%, 1%, 
2% and 4%) were prepared and for this purpose, 10 seeds of each test plant were 
placed in a 15 cm Petri dish lined with a Whatman no. 1 filter paper, moistened with 
aqueous extract of respective concentration of each part or water (to serve as control). 
Three replicates were maintained and arranged in a completely randomized block 
design for each treatment. After 15 days, root length and shoot length of the seedling 
were measured after that oven dried seedling dry weight measured. Data of mean 
values were analyzed by one-way ANOVA followed by DMRT. In spite of this, 
values of correlation coefficient were also determined between concentration and 
parameter. 
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RESULTS 
(a) Effect of aqueous extract prepared from leaves of T. cordifolia 
Germination 
When seeds of four test plants were subjected to growth trial in Petri dishes to 
study the effect of aqueous extract derived from the leaves of T. cordifolia. Cent 
percent germination was observed in C. tora and C. sophera and 93% and 89% in C. 
murale and C. album respectively in control. Maximum reduction was observed in 
higher concentration of the treatment. Reduction was observed in the following order 
C. tora > C. sophera > C. album > C. murale (Fig.2.1.a). 
Seedling Root Length 
When seeds of four test plants were subjected to growth trial in Petri dishes to 
study the effect of aqueous extract derived from the leaves of T. cordifolia. Among 
weed plants C. murale was measured to have the root length (3.67±0.06 cm) followed 
by C. tora (3.63±0.00 cm), C. sophera (2.44±0.11cm) and C. album (2.12±0.00 cm) 
in control. But aqueous extract of leaves, the root length of test plants was less than 
that of control (Fig2.1b). About (85.85%) reduction was observed in C. album and 
(77.05%) in C. sophera at A% concentration. Among the all cases the root length was 
decrease with increasing concentration (Fig2.1b). The correlation coefficient values 
between root length and aqueous extract of leaf were seen to be negative, strong, 
negative and reciprocal with values ranging from -0.913 to -0.978. 
Seedling Shoot Length 
The shoot length of C. tora, C. sophera, C. murale and C. album seeds sown 
in control (pure water) were (6.30±0.00cm), (6.28±0.10cm), (4.83±0.12cm) and 
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Fig. 2.1: Effect of different concentration of aqueous extract of Leaf on (a) germination, 
(b) root length (c) shoot length and (d) dry weight of test plants 
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(4.31±0.00cm) respectively (Fig. 2.1c). The maximum effect was observed in C. 
album with the increasing concentrations of aqueous extract of T. cordifolia leaves. In 
comparison to the others weed plants the maximum reduction was measured to be 
(81.67%) in C. album at 4% (Fig 2.1.c). The highest concentration of aqueous extract 
of leaves was more effective for the test plants. In C. murale the reduction was 
(80.33%) followed by (79.68%). in C sophera and (65.76%) in C. tora. In all test 
plants the values of correlation coefficient representing a high degree of correlation 
between the two and varies ranging from -0.877 to -0.971. 
Dry Biomass 
The dry biomass was maximvim in C. sophera (10.30±1.06mg) followed by C. 
tora (9.05±0.67mg), C murale (0.739±0.556mg) and C. album (0.090±0.005mg) in 
the control set. It was also observed that the maximum dry biomass was in C. sophera 
(1.00±0.28mg) and the minimum was in C. album (0.005±0.003mg) at 4% 
concentration. The content of dry biomass was decreased with increasing 
concentration in all the test plants. The reduction of percentage was above 90% in 
each case (Fig2.1.d). The values of correlation coefficient calculated and it was strong 
and reciprocal with value ranging from -0.873 to -0.916. 
(b) Effect of aqueous extract prepared from stem of T. cordifolia 
Germination 
When seeds of four test plants were subjected to growth trial in Petri dishes to 
study the effect of aqueous extract derived from the stem of T. cordifolia. Cent 
percent germination was observed in C. tora and C sophera, 93%, 89% in C. murale 
and C. album respectively in control. Maximum reduction was observed in higher 
62 
concentration of the treatment. Reduction was observed in the following order C. tora 
> C. album >C. murale > C. sophera (Fig. 2.2.a) 
Seedling Root Length 
In response to extracts from stem, the seedling root length of all test plants 
decreased with increasing concentration. Among weeds, maximum root length was 
seen in C. murale (3.67±0.06) followed by C tora (3.63±0.03cm) C. sophera 
(2.44±0.11cm) and C. album (2.12±0.05cm) grown with pure water (control). 
In control, among the four test plants under investigation C. murale have the 
longest root and contrary to this the shortest root length was seen in C. album. In 
comparison of these, those in aqueous extract of stem were measure to be shorter than 
that of their respective control. With every increase in concentration of aqueous 
extract, the root length was seen to be decreased and the differences between the 
treatments were statistically significant. The effect of extract among all test plants at 
highest concentration i.e. 4%, maximum reduction was seen in C. album which 
reduced nearly 80.19%) and minimum in C. tora nearly (63.09%) while in C. murale 
and C. sophera reduced by 65.12%) and 68.85%) respectively (Fig2.2.b).The values of 
correlation coefficient between the root length and concentration of aqueous extract 
of stem very strong, ranging from -0.905 to -0.959. 
Seedling Shoot Length 
The lengths of shoot that emerge from the seeds treated with aqueous extract 
of stem were small compared to their respective control. Among the four test plants 
grovm in control, maximum length was seen in C. tora (6.30 ± 0.04cm) and shortest 
length was in C. album (4.31 ±0.16cm). However, like root length, the shoot length of 
plants treated 
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Fig. 2.2: Effect of different concentration of aqueous extract of stem on (a) germination, 
(b) root length (c) shoot length and (d) dry weight of test plants 
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with aqueous extract of stem were shorter compared to the respective values of 
control (Fig2.2.c). Although, with every increasing concentration of the extract 
applied, the length was seen to be decreased. Maximum reduction in shoot length was 
seen in C. murale reduced by 76.19% and minimum in C tora, 50.48%. In all the 
cases, the value of correlation coefficient was reciprocal and strong with value 
ranging from-0.875 to-0.934. 
Dry biomass 
In control, the maximum dry biomass (10.30±1.06mg/seedling) was seen in C. 
sophera followed by C. tora (9.05±0.67mg), C. murale (0.740±0.037mg) and C. 
album (0.090±0.005mg). Like the root length and shoot lengths, the dry biomass of 
test plants were less than their respective values of control (Fig2.2.d). Among all test 
plants maximum effect on dry biomass was observed in C. album (0.005±0.003mg) 
the reduction was 94.44% and lowest in C. tora (81.55%) at highest concentration 
compared to the respective value of control. In all the four cases correlation 
coefficient values between dry biomass and concentration of aqueous extract was 
strong ranging from -0.880 to -0.923. 
(c) Effect of aqueous extract prepared from root of T. cordifolia 
Germination 
When seeds of four test plants were subjected to growth trial in Petri dishes to 
study the effect of aqueous extract derived from the root of T. cordifolia. Cent percent 
germination was observed in C. tora and C. sophera and 93% and 89% in C. murale 
and C. album respectively in control. Maximum reduction was observed in higher 
concentration of the treatment. Reduction was observed in the following order C. 
murale > C. tora > C. album > C. sophera (Fig.2.3.a). 
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Seedling Root Length 
The root length of the test plants under investigation when grown in aqueous 
extract of roots, lesser than that of control. In control, the maximum growth was seen 
in C. murale (3.67±0.06cm) followed by (3.63±0.03cm) in C. tora, (2.44±0.11cm) in 
C. sophera and (2.12±0.05cm) in C album. When the set-up was subjected to the 
aqueous extract of roots, the lengths of roots were measured to be relatively shorter 
than their respective control (Fig2.3b). In case of all these test plants, reduction in 
root length was increased with increasing concentration and it was maximum in C. 
album (78.30%) and minimum (46.87%) in C murale at 4%. The values of 
correlation coefficient between root length and concentration of aqueous extract of 
root were strong with the values of ranging from -0.887 to -0.986. 
Seedling Shoot Length 
The shoot length of weed plants was measured to be maximum (6.30±0.00cm) 
in C tora followed by that of C. sophera (6.28±0.10cm), C. murale (4.83±0.12) and 
C. album (4.31±0.00cm) respectively in control (Fig2.3c). When test plants grown in 
aqueous extract of roots the plumule length were shorter than their respective values 
in control. Very strong effect was seen at highest concentration (4%) and among all 
the test plants about 40% to 69% reduction were observed. The values of correlation 
coefficient between shoot length and concentration of aqueous extract of root were 
strong in each of the cases. The values ranged from -0.917 to 0.961. 
Dry Biomass 
In control, the maximum content of dry biomass (10.30±1.06mg/seedling) was 
seen in C sophera followed by C tora (9.05±0.67mg), C murale (0.740±0.037mg) 
and C. album (0.090±0.005mg). In contrast to the control grown plants, those grown 
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Fig. 2.3: Effect of different concentration of aqueous extract of root on (a) germination, 
(b) root length (c) shoot length and (d) dry weight of test plants 
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in aqueous extract of root, the dry biomass was relatively less. Reduction was 
observed in all test plants about 63.46% to 83.87% at 4% concentration 
(Fig2.3.d).The values of correlation coefficient between the concentration of aqueous 
extract of roots and dry biomass were strong and reciprocal in all the test plants 
ranging from -0.891 to - 0.974. 
(d) Effect of aqueous extract prepared from aerial roots of T, 
cordifolia 
Germination 
When seeds of four test plants were subjected to growth trial in Petri dishes to 
study the effect of aqueous extract derived from the aerial root of T. cordifolia. Cent 
percent germination was observed in C. tora and C. sophera and 93% and 89% in C. 
murale and C. album respectively in control. Maximum reduction was observed in 
higher concentration of the treatment. Reduction was observed in the following order 
C. tora > C. murale > C. album > C. sophera (Fig. 2.4.a) 
Seedling Root Length 
When seeds of four test plants were subjected to growth trial in Petri dishes to 
study the effect of aqueous extract derived from the aerial roots of T. cordifolia. 
Among weed plants C. murale was measured to have the root length (3.67±0.06 cm) 
followed by C tora (3.63±0.00 cm), C sophera (2.44±0.11cm) and C album 
(2.12±0.00cm) in control. But aqueous extract of aerial root, the root length of test 
plants was less than that of control (Fig2.4.b). About (64.97%) reduction was 
observed in C. album and (17.83%) in C tora at 4% concentration. Among the all 
cases the root length was decrease with increasing concentration (Fig2.4.b). The 
correlation coefficient values between root length and concentration of aqueous 
extract ofaerial root were seen to be negative, strong and reciprocal with values 
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Fig. 2.4: Effect of different concentration of aqueous extract of aerial root on (a) 
germination, (b) root lengtli (c) shoot length and (d) dry weight of test plants 
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ranging from -0.892 to -0.972. 
Seedling Shoot Length 
The shoot length of C. tora, C. sophera, C. murale and C. album seeds sown 
in untreated control (pure water) were (6.30±0.00cm), (6.28±0.10cm), (4.83±0.12cm) 
and (4.31±0.00cm) respectively. The maximum effect was observed in C. album with 
the increasing concentrations of aqueous extract of T. cordifolia aerial roots. In 
comparison to the others weed plants the maximum reduction was measured to be 
(64.97%) in C. album at 4% (Fig 2.4.c). The highest concentration of aqueous extract 
of aerial root was more effective for the test plants. In C murale the reduction was 
(57.97%) followed by (28.57%) in C. sophera and (17.83%) in C. tora. In all test 
plants the values of correlation coefficient representing a high degree of correlation 
between the two and varies ranging from -0.875 to -0.980. 
Dry Biomass 
The dry biomass was maximum in C. sophera (10.30±1.06mg/plant) followed 
by C tora (9.05±0.67mg), C. murale (0.739±0.037 mg) and C. album (0.092±0.005) 
in the control set. It was also observed that the maximum dry biomass was in C. tora 
(3.80±0.82mg) and the minimum was in C. album (0.038±0.004mg) at 4% 
concentration. The content of dry biomass was decreased with increasing 
concentration in all the test plants. The reduction of percentage was seen in between 
44% and 64%. (Fig2.4.d). The values of correlation coefficient ranging from -0.941 
to -0.988. 
pH of extracts prepared from different parts of 7. cordifolia 
The study didn't reveal much change in the pH of extract, though it differed 
within different extract concentration. The pH of the extracts (i.e. leaves, stem, root 
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and aerial root) ranging from 6.58 to 8.32 (Table 2.1). 
Table 2.1-Values of pH in different concentration of extracts of leaves, stem, 
roots and aerial roots of T. cordifolia 
Extract 
concentration 
0.5 
1.0 
2.0 
4.0 
Leaves 
8.32 
8.29 
8.26 
8.23 
Stem 
8.30 
8.27 
8.24 
8.21 
Root 
6.70 
6.65 
6.62 
6.58 
Aerial root 
7.32 
7.30 
7.28 
7.26 
DISCUSSION 
It is clear from the present study that different parts of T. cordifolia exhibited 
phytotoxic potential through their aqueous extracts, though the magnitude of 
phytotoxicity varied with plant part (i.e. aerial root, root, stem and leaves). The study, 
therefore, indicated that some growth inhibitors are present in the extract that might 
be affecting the growth of the test plant, C. tora, C. sophera, C. album and C. murale. 
In this study leaf extract shows maximum inhibitory effect while aerial root extract 
shows minimum effect. Germination rate was very much less in higher concentration 
of the leaf extract. It is followed by stem, root and aerial root extract. A number of 
studies have indicated that aqueous extracts of weed, are phytotoxic in nature and thus 
reduce the growth of other plants (Qasem and Foy, 2001; Bulut et ai, 2006). Some 
recent studies indicating the phytotoxic/ allelopathic effect of aqueous extract of 
weeds include Mikania micrantha (Sisodia and Siddiqui, 2007c), Cyperus rotundus 
(Quayyaum et al, 2000), Cardaha draba (Kiemnec and Mclnnis, 2002), Parthenium 
hysterophorus (Batish et al, 2002a; Singh et al, 2003a; Javaid et al, 2006), Brassica 
nigra (Tawaha and Turk, 2003), Raphanus raphanistrum (Norsworthy, 2003), 
Ageratum conyzoides (Batish et al, 2002b, 2009; Singh et al, 2003b,c), Lucerne 
varities (Zhihua and Yixin, 2005), Chinese fir leaves (GuoChang et al., 2007). 
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Andrographis paniculata (Alagesaboopathi, 2011), Artistolochia esperamae (Gatti et 
al, 2010), Baccharis dracunculifolia (Gusman et al, 2008), Calotropis procera 
(Samreen et al. 2009), Chenopodium murale (Batish et al, 2007) and Oryza sativa 
(Punjani et al, 2006). All these studies indicated that the release of phytotoxic 
chemicals during the preparation of aqueous extracts, under natural conditions, 
metabolites including organic acids, minerals, carbohydrates and amino acids are 
released or leached from various parts of plant including foliage, stem, flowers and 
fruit of the plant by forming aqueous solution with rainwater, dew water and mist 
(Tukey and Morgan, 1964). Through this process, a number of phytotoxic chemicals 
are also leached that bring about inhibitory effects on the other plant (Rice, 1984). 
The phenomenon of leachation is wide spread in nature and plays both stimulatory 
and inhibitory roles and is thus ecologically important (Tukey and Mecklenburg, 
1964). However, the reports regarding the inhibitory effects of leachation are more 
common (Rice, 1984) and it is from living as well as fallen dead material is the most 
prevalent method of escape of allelochemicals from plants into the environment 
(Guenzi and McCalla, 1962; Guenzi et al, 1967; Patrick, 1971; Fay and Duke, 1977; 
Economou et al, 2002, 2007; Hong et al, 2006). Phenolics are the most common 
water-soluble allelochemicals known to play a significant role in plant-plant 
interactions, including allelopathy (Blum et al, 1999; Mizutani, 1999; Batish et al, 
2002 a, b). 
The observed phytotoxicity of T. cordifolia may be attributed to the presence 
of variable amount of phytotoxic substances in different parts that leach out under 
natural conditions. Foliar leachates have been regarded to be most phytotoxic in 
nature (Xuan et al, 2004) probably owing to their proportionately greater biomass 
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and with greater metabolic activity or production of more metabolites (Xuan et al, 
2004). 
Studies have also indicated that phytotoxicity of leachable allelochemicals is 
dependent upon several factors such as concentration, flux rate, age and metabolic 
stage of part and environmental conditions (Rice, 1984). In the present study, it was 
noticed that not only the allelopathic activity of the weed, change with plant part but 
also with the concentration. This is an important observation that can be utilized for 
minimizing the phytotoxicity of the weed during its heavy infestation in the 
croplands. More recently, results on the effect of Cyperus rotundus leaf extracted on 
seedling growth of both shoot and roots of wheat were found. Their results indicated 
that root growth may have been affected more than stem and leaves because roots 
were in continuous contact with the extracts (Dana and Domingo, 2006; Wakjira, 
2005). 
Generally, in studies with aqueous extracts, the observed inhibitory effect are 
attributed to change in pH and osmotic potential thereby raising concern about 
allelopathy and its ecological existence and relevance (Harper, 1977; Keeley, 1988; 
Conway et al, 2002). In the present study, pH of extracts ranged from 6.58 to 8.32. 
After making these observations, it could be concluded that extract might possess 
growth inhibitory metabolites that leach out in water. 
Therefore, on the basis of this observation following conclusions can be made: 
• Different parts of T. cordifolia exhibit differential phytotoxicity and the 
degree of phytotoxicity with respect to plant was in the order: 
Leaves > Stems > Roots > Aerial roots 
• Leaves being more in biomass per plant contributed relatively more towards 
phytotoxicity compared to other parts of the plant. 
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Experiment on 
Powder amended 
soil 
& J 
OBJECTIVE 
To study the phytotoxicity of dried plant parts of T. cordifolia on the growth 
and establishment of some weeds. 
OBSERVATION PARAMETERS 
Following observation was made: 
1. Phytotoxicity of powder-amended soil (PS) towards some weeds namely Cassia 
tora L., Cassia sophera L., Chenopodium album L. and Chenopodium murale L. 
in terms of root length, shoot length and dry biomass. 
MATERIALS AND METHODS 
Collection of the Material 
T. cordifolia infested site was selected in and around Aligarh Muslim 
University campus, Aligarh. The shade dried fresh plant parts (leaves, stem, root and 
aerial root) was powdered and packed in polyethylene bags for further use. 
Soil was collected from an open area free from T. cordifolia. It was air-dried, 
sieved through 2 mm mesh and made the lots of 1 kg each. 
Seeds were collected from the agricultural fields and road sides of the 
university campus, Aligarh. 
Preparation of Powder-Amended Soil (PS) 
Fresh green leaves and other parts are collected and dried separately under 
shade and powdered and labeled separately. From these powders 5, 10, 20, and 40 g 
of the plant parts were added in 1 kg soil lot separately and thoroughly mixed so as to 
get 0.5, 1, 2 and 4% powder-amended-soils and labeled as LPS(leaf powder amended 
soil), SPS (stem powder amended soil), RPS (root powder amended soil) and ARPS 
(aerial root powder amended soil). 
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The untreated soil was also taken in thermo coal glasses to serve as control. 
The powder-amended -soil has been referred as PS and unamended soil as US, 
respectively. 
Growth studies in Amended-Soils under green house condition 
Seeds of C. tora, C. sophera, C. album and C. murale were used for growth 
studies. Seven uniform seeds of each were sown in 'PS' filled glasses along with 
untreated soil, served as control. For each treatment three replicates were maintained 
in a completely randomized block design and placed in green house condition. Each 
glass was sprayed daily with adequate amount of water. After one month, seedlings 
were careftiUy uprooted ensuring minimal damage to the roots. Root and shoot 
lengths of seedlings from each Petri dish were measured and their biomass determined 
after oven drying at 70°C for 24h. 
STATISTICAL ANALYSIS 
All the experiments were laid out in a completely randomized block design. 
The data of root length shoot length and dry biomass were expressed with respect to 
control and analyzed by DMRT at P< 0.05. The values of correlation coefficient were 
also calculated. 
RESULTS 
GROWTH STUDIES 
(a) Growth Studies in Leaf powder amended soil (LPS) 
The seed germination of all test plants namely C. tora, C. sophera, C. album 
and C. murale in control as well as in all the treatments were observed and found that 
it was 100% so that the data have not been tabulated and presented. 
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Root Length 
The root length seen to be largest in C. murale (20.76±5.70 cm) followed by 
C. album (15.77±2.69cm), C. tora (6.62±1.21cm) and C. sophera (6.32± 1.02cm) 
when sown in control soil, while, a significant reduction in its length was observed in 
powder amended soil (FigS.la).- The maximum reduction was observed in C. tora 
(88.52%) followed by C. sophera (88.13%) and minimum was in C. album (85.29%) 
at 4% concentration, hence the root length decreased with the increasing 
concentrations i.e. 0.5 to 4% (Fig. 3.1a). Correlation coefficient values ranging from-
0.891 to -0.951 between root length and concentration were calculated. 
Shoot Length 
The shoot length of test plants varied appreciably, in C. murale it was 
(14.71±3.56cm) whereas in C. album was measured to be (13.95±0.70 cm) but in C. 
tora and C. sophera the shoot length was (8.96±0.56) and (10.59±0.72 cm) in control 
set. The shoot length of each test plant was seen decline with increasing concentration 
of amendment of the powder in the soil (Fig.3.1b). Among all the test plants, shoot 
length was decrease with increasing concentrations of powder amended in soil. The 
maximum reduction was observed in C. sophera nearly (84.51%), followed by C. 
murale nearly (82.66%). The reduction in shoot length was statistically significant. 
The correlation coefficient values between shoot length and concentration of all the 
test plants were calculated to be strong with values ranging between-0.889 to -0.918. 
Dry Bio mass 
Like root length and shoot length, the maximum dry biomass was observed 
(153.00±20.88 mg) in case of C. murale followed by C. album (112.67±10.21mg), C. 
sophera (14.26±1.1 Img), while the least dry biomass (11.28±0.55mg) was measured 
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Fig.3.1. Allelopathic effect of T. cordifolia Leaf powder and control soil on (a) 
root length, (b) shoot length and (c) dry weight of some weeds. 
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in case of C tora in control set-up (FigJ.lc). In all these test plants maximum 
retardatory effect was observed at 4% concentration and it was (92.27%) in C. 
murale, (90.83%) in C. album, (87.41%) in C. tora and nearly (80.50%) in C. sophera 
(Fig.3.1c). The dry biomasses of all these test plants were decrease with increasing 
concentration. In all the test plants, the values of correlation coefficient between 
concentration and dry biomass was reciprocal and relatively strong showing range -
0.881 to-0.902. 
(b) Growth Studies in Stem powder amended soil (SPS) 
Root Length 
The growth studies in PS indicated a significant effect. The root length of C. 
murale was measured to be (20.76±5.70cm) followed by C. album (15.77±2.69cm) C. 
tora (6.62±1.21 cm) and C. sophera (6.32±1.02 cm) in control. The minimum effect 
in root length was seen (5.70±0.04 cm) in C. murale over the control (Fig.3.2a). In 
case of all test plants reduction was increased with increasing concentration (0.5% to 
4%). The maximum reduction was observed in C. tora nearly (84.89%) followed by 
C. sophera nearly (80.38%) at highest concentration as compared to control. The 
minimum effect in root length was observed in C. murale nearly (72%) in comparison 
to other test plants. In all the test plants, strong correlation coefficient values were 
calculated, indicating almost consistent decrease in root length with increasing 
concentrations of amendment (Fig.3.2a). 
Shoot Length 
Among test plants under investigation C. murale have the longest shoot length 
(14.71±3.56cm) followed by C. album, C. sophera and C. tora (13.95±4.36cm), 
(10.59±0.72cm) and (8.96±0.56cm) respectively in control (Fig.3.2.b). 
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Fig.3.2. Allelopathic effect of T. cordifolia Stem powder and control soil on (a) 
root length, (b) shoot length and (c) dry weight of some weeds. 
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The shoot length was seen to be decreased with every increased concentration 
of PS and the differences between the successive treatments were statistically 
significant. At 4% concentration, the maximum reduction was noticed nearly (82%) in 
C. murale followed by C. album nearly (81%) whereas in C. tora had least reduction 
and that was nearly (75%). In all the test plants the values of correlation coefficient 
between the shoot length and concentration were strong, showing a linear relationship 
ranging from -0.900 to - 0.946. 
Dry Biomass 
The C. murale (153.00±20.88mg) was having the maximum dry biomass 
followed by C. album, C. sophera and the least dry biomass was seen in C. tora in 
control set (Fig.3.2c). In contrast to the amendment free (control) soil grown plants, 
those grown in powder amended soil the dry biomass was relatively less. Although, 
with every increase in concentration, there was a significant decrease in biomass. The 
values of correlation coefficient between concentrations of amendment and dry 
biomass were strong in all the test plants (Fig.3.2c). 
(c) Growth Studies in Root powder amended soil (RPS) 
Root Length 
When seeds of test plants under investigation were subjected to growth trial in 
glasses for the study of the effect of powder amended soil, the C. murale and C. 
album were measured to have the radical length of (20.76±5.70 cm) and 
(15.77±2.69cm) respectively and was followed by C. tora (6.62±1.21 cm) but least in 
case of C. sophera (6.32±1.02 cm) in control. In each case of test plants tried, when 
treated with any of the concentration of the powder was shorter in comparison to their 
respective controls. Further, with every increasing concentration of powder, the 
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FigJ.3. AUelopathic effect of T. cordifolia Root powder and control soil on (a) 
root length, (b) shoot length and (c) dry weight of some weeds. 
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radicle length was seen to be decreased and the trend was similar in almost all the 
cases (Fig.3.3a). Maximum reduction was observed in C. tora (81.42%) and minimum 
was in C. murale (63.44%). The values of correlation coefficient between the radicle 
length and concentration of aqueous extract were very strong, ranging from-0.888 to 
0.912. 
Shoot Length 
The lengths of plumule that emerged from the seeds grown in powder 
amended soil were very less compared to their respective control. Among all test 
plants grown in control, maximum length was seen in case of C. murale 
(14.71±3.56cm) followed by C. album (13.95±4.36cm) and C. sophera 
(10.59±0.72cm.) and shortest was in C. tora (8.96±0.56cm). However, like radicle the 
plumule lengths were also shorter as compared to the respective values of control 
(Fig.3.3b). Every increasing concentration of the powder applied, the length was seen 
to be decrease. Maximum reduction was observed in C album (80.36%). In all the 
cases, the value of correlation coefficient was strong and reciprocal with values from -
0.874 to -0.943. 
Dry Biomass 
Again, the dry biomass of test plants varied appreciably, similar with that of 
radicle and plumule. The dry biomass of C. murale was measured to be maximum, as 
compared to other plants and it was followed by C. album and the least biomass of 
(11.28±0.55 mg/seedling) was seen in case of C. tora in control set-up (Fig.3.3c). The 
dry biomasses of plants that emerge from seeds treated with powder were less than 
their respective values of control (Fig.3.3c). The reduction in dry weight was 
statistically significant with increasing concentration and the highest concentration 
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(i.e.4%) was more effective for C murale and C. tora. However nearly (82%) 
reduction was observed in C. murale followed by C. tora nearly (80%). In all the four 
cases, correlation coefficient values between dry biomass and concentration of 
aqueous extract was strong with values ranging from 
-0.924 to -0.968. 
(d) Growth Studies in Aerial Root powder amended soil (ARPS) 
Root Length 
When seeds of test plants under investigation were subjected to growth trial in 
glasses for the study of the effect of powder amended soil, the C. murale and C. 
album were measured to have the radical length of (20.76±5.70 cm) and 
(15.77±2.69cm) respectively and was followed by C tora (6.62±1.21 cm) but least in 
case of C. sophera (6.32±1.02cm) in control. In each case of test plants tried, when 
treated with any of the concentration of the powder was shorter in comparison to their 
respective controls. Further, with every increasing concentration of powders in 
amended soil, the radicle length was seen to be decreased and the trend was similar in 
almost all the cases (Fig.3.4a). Maximum reduction was observed in C. album 
(73.87%) while least in C. sophera (32.44%). The values of correlation coefficient 
between the radicle length and concentration of aqueous extract were very strong, 
ranging from-0.899 to -0.953. 
Shoot Length 
The lengths of plumule that emerged from the seeds grown in powder 
amended soil were very less compared to their respective control. Among all test 
plants grown in control, maximum length was seen in case of C. murale 
(14.71±3.56cm) followed by C.album (13.95±4.36cm), (10.59±0.72cm) in C sophera 
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Fig3.4. AUelopathic effect of T. cordifolia Aerial root powder and control soil on 
(a) root length, (b) shoot length and (c) dry weight of some weeds 
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and shortest was in C. tora (8.96±0.56cm). However, like radicle the plumule lengths 
were also shorter as compared to the respective values of control (Fig.3.4.b). Every 
increasing concentration of the powder applied, the length was seen to be decrease. 
Maximum reduction was observed in C. sophera (73.65%) while minimum was in C. 
murale (68.80%). In all the cases, the value of correlation coefficient was strong and 
reciprocal with values from -0.884 to -0.918. 
Dry Biomass 
Again, the dry biomass of test plants varied appreciably, similar with that of 
radicle and plumule. The dry biomass of C murale was mezisured to be 
(153.00±20.88mg/seedling) maximum, as compared to other plants and it was 
followed by C. album (112.67±10.21 mg/seedling) and the least biomass of 
(11.28±0.55 mg/seedling) was seen in case of C tora in control set-up (Fig.3.3c). The 
dry biomasses of plants that emerge from seeds sown in powder amended soil were 
less than their respective values of control (Fig.3.3c).As the concentration of the 
powder in amended soil increases the dry weight of the test plant decreases. The 
reduction in dry weight was statistically significant with increasing concentration and 
the highest concentration (i.e. 4%) was more effective for C. sophera and C. album. 
However nearly (58%) reduction was observed in C. sophera followed by C. album 
(54%), C. murale (46.19%) and C. tora (41.58%). In all the four cases, correlation 
coefficient values between dry biomass and concentration of aqueous extract was 
strong with values ranging from-0.893 to -0.980. 
DISCUSSION 
Large amount of green plant parts are reached in the soil by cutting the weeds, 
it decomposed and reached some chemicals from the plant parts in to the soil. Large 
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amount of plant residues also fallen into the soil after completing their lifecycle. Since 
the plant part is known to be allelopathic, it is expected that its dried powder would 
affect the succeeding vegetation. In order to test this, a number of experiments 
regarding the growth studies were undertaken under laboratory and green house 
conditions such as effect of amended soils (amended with powder). Thus, the weed 
plants namely, C. murale, C. album, C. tora and C. sophera were selected for 
assessing the phytotoxicity. 
From results of the present study, it was found that growth of the test plants 
was significantly reduced compared to unamended soil. Maximum retardatory effect 
on all the test plants was observed at the highest concentration of extracts. All the 
parameters under study i.e. root length, shoot length and dry weight, were 
significantly inhibited indicating the phytotoxicity of soils amended with powder. 
Thus, this study confirms that the allelochemicals accumulate in soil at bioactive 
concentration and bring about the inhibitory effect on other plants. Since the plant 
parts are in the stage of decomposition and their biomass gradually mixes with the 
soil, these incorporation or mixture in the soil may also be responsible for inhibitory 
effect on other test plants. In order to test this, powder of different plant parts was also 
amended in the soil and growth of test plants was checked. As expected in this set-up 
of experiments, the growth of all the test plants especially was significantly and 
adversely affected. In leaf powder amended soil the weed plant shows more inhibition 
compared to other PS. C. murale showed maximum inhibition at 4% concentration. 
Whereas in other weed inhibition rate was comparatively less than that of the seeds 
grown in LPS concentrations. This indicates that the response of different plants is 
variable and depended upon several factors, like characteristic of soil, size of seeds 
and genetic differences. The differential response of crops towards extracts, leachates 
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or any other phytotoxic material has already been reported in a number of other crops 
(Qureshi et ai, 1987; Qasem, 2001; Kiemnec and Mclnnis, 2002; Ambika et al., 
2003; Xuan etai, 2004; Kayode, 2006). 
In the present study, the dried powder of stem, leaves, roots and aerial roots 
that mixed in the soil. When the weed is green, the leaves, stem, inflorescence are to 
be allelopathic in nature, releasing allelochemicals through various mechanism, such 
as leachation, death and decay and even exudation (Einhelling, 1988; Singh et al., 
2001; Kobayashi, 2004). From the resuUs of the present study, it becomes evident that 
allelochemicals or inhibitors are released through leachation and these are biologically 
very active. The nature of allelochemicals could be either phenolics or sesquiterpene 
lactones that leach out of the plants as already reported (Kanchan, 1975; Mersie and 
Singh, 1987; Rani, 1990). Since upon leachation, they enter in soil medium, therefore, 
bioefficacy studies were also undertaken in soil amended with powder to ascertain 
whether the allelochemicals or inhibitors upon release accumulate in soil in bioactive 
concentration and cause inhibitory effect on the test plants. 
From all the bioefficacy studies, it becomes clear that extract of the different 
parts of T. cordifoUa and dried powder along with soil exert an inhibitory effect on 
test plants by releasing the allelochemicals that accumulate in the soil. 
Thus, the presence of allelochemicals in T. cordifoUa powder is the primary 
reason for the growth retardation of test plants. 
Thus, the results highlighted in the present section, indicate the following: 
1. At the time of rainy season the green parts are laid in the soil due to hand cutting 
of weeds. Appreciable amount of fresh parts of T. cordifoUa is accumulated under 
field conditions. 
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2. The fresh dried powder of T. cordifolia, Hke its fresh part extracts was alleiopathic 
in nature causing significant retardatory effect on the weeds. 
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iiii mi 
Experiment on 
Aqueous leachates 
and Organic 
fractions 
OBJECTIVE 
The experiment was conducted for the extraction of allelo-chemicals from the 
leaves of T. cordifolia (Willd.) Miers and to observe their allelopathic effect on some 
weed plants. 
OBSERVATION PARAMETERS 
1. Allelo-chemics (allelopathic chemicals) were extracted from the leaves of T. 
cordifolia (Willd.) Miers using various solvent systems. 
2. Chenopodium album L. Chenopodium murale L. Cassia tora L. and Cassia 
sophera L. are the plants treated with various extract fractions thus obtained from 
T. cordifolia. 
3. Various growth parameters viz., Carbohydrate content, protein content and 
chlorophyll content of Chenopodium album L., Chenopodium murale L., Cassia 
tora L. and Cassia sophera L. formed the parameters under study. 
METHODOLOGY 
Fresh, healthy leaves of T. cordifolia were plucked from the university 
campus. These were grouped into two halves. The first half was subjected to the 
recovery of aqueous leachates, following the methods given in Protocol-I and the 
second half were shade dried and powdered. The powder was subjected to the organic 
extract fractionation employing various polar and non-polar solvent systems given in 
Protocol II. The test plants were selected from cultivated fields as well as weed 
thickets, uprooted from the soil and replanted in earthen pots of 4". Three plants were 
planted in each pot and of three replicates were maintained for each treatment. 
Aqueous leachates (l%g /ml) fresh wt. in pure water, petroleum ether fraction 
(0.9% w/v), methanolic fraction (0.9%w/v), chloroform fraction (0.9%w/v) and water 
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fraction (0.9%w/v) derived from the leaves of T. cordifolia formed the treatment 
solution. The comparable treatment with pure water served as control in all the 
treatments. The concentrations of various fractions under experimentation were 
decided on the basis of a pilot experiment on the percentage of germination where a 
wide range was used. 
Treatment to mature Plants 
For the estimation of various macro-molecular content (carbohydrate contents, 
protein content and chlorophyll content), 9 plants for each treatment were sprayed 
with 100 ml, of the treatment solution per plant daily for five days. On the sixth day, 
the estimation of the carbohydrate content, protein content and chlorophyll content 
was done from the freshly plucked leaves following procedures given in the "Material 
and Methods". 
STATISTICAL ANALYSIS 
The whole experiment was repeated. Data of mean values were analyzed by ANOVA 
(Analysis of variance) to assess the significance of differences between various 
treatments. Data has also been represented graphically in the form of bar diagrams (as 
given in tabular form at the end of the experiment). 
RESULTS 
Carbohydrate content 
In case of Chenopodium album, the acid soluble and water soluble carbohydrates 
content were (51.45 ± 0.65 mg/g dry wt.) and (56.12 ± 0.31 mg/g dry wt.), 
respectively, in treated sample with pure water. The carbohydrates content of C 
album (acid and water soluble) showed a significant increase as compared to those 
plants which were treated with water as control (Fig. 4.1). The aqueous leachate 
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fraction treated sample had maximum amount of carbohydrate as compared to the 
other treatments. All the other treatments of the organic extract fractions also had 
increased carbohydrate content but it was much less than that of aqueous leachate 
treated sample. Effect of different treatments on carbohydrate content in the following 
order AL>CF>PF>WF>MF. Nevertheless, the differences were statistically 
significant, (Table: 4.1). Except water fraction freated sample, water soluble 
carbohydrate of C. album more than the acid soluble carbohydrates, but they too 
showed a similar frend of increase as the acid soluble carbohydrates. 
In case of C. murale also had a marked effect of treatment solutions but it was 
less pronounced as compared to C. album. The acid soluble carbohydrates were 
(37.63 ±0.18 mg/g dry wt) in control treated sample. Like C. album the aqueous 
leachates treated samples had a very high content of carbohydrates (74.33 ±0.67 mg/g 
dry wt.) as compared to the other treatments (Fig. 4.2) Water fraction was the least 
effective in the amount of carbohydrate content in both case (Table).The water 
soluble carbohydrate in control (39.21 ±0.72 mg/g dry wt.) and were under maximum 
stress from the aqueous leachates treated sample. Water fraction treated sample had 
the least amount of carbohydrate compared to other treatment samples (45.13 ±0.24 
mg/g dry wt. and 48.36 ±0.20 mg/g dry wt.) 
The acid soluble carbohydrate content of C. tora was (54.47 ± 0.36 mg/g dry 
wt) in the control, while the content was maximum of the aqueous leachates treated 
acid soluble sample being (73.37 ± 0.61mg/g dry wt.), while in water soluble 
carbohydrate content in AL treated sample is (85.04 ± 0.67 mg/g dry wt.), (Table: 
4.1). The methanolic fraction treated samples had a lesser content as compared to the 
control and other treatment fraction, while the, water fraction, petroleum ether 
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fraction and chloroform fraction had an even lesser content the least, through the 
values were more than the control (Fig. 4.3). 
The water soluble carbohydrate content of C. tora was highest in aqueous 
leachates treated sample being (85.04 ± 0.67 mg/g dry wt.). Almost same amount of 
carbohydrate was calculated in the petroleum ether and chloroform fraction treated 
sample with the value of (78.27 ± 0.31 mg/g dry wt.) and (79.78 ± 0.87 mg/g dry wt.) 
respectively (Table. 4.1). 
The acid soluble carbohydrate content of C. sophera in the control was (52.83 
± 0.57 mg/g dry wt.). Aqueous leachates treated samples more amount of 
carbohydrates (84.37 ± 0.52 mg/g dry wt.) as compared to control (Fig. 4.4). 
Petroleum ether fraction, methanolic fraction and chloroform fraction exhibited a 
gradual decrease in their activity. Water fraction shows a much increase as compared 
to chloroform fraction. In both cases (acid soluble and water soluble) the amounts of 
carbohydrates were more than the control (Table. 4.1).The differences were 
statistically significant. 
Protein content 
The protein content of C. album was (59.17±0.17 mg/g dry wt.) in control and 
it was decreased in all treatments compared to control (Table. 4.2). Maximum 
decrease was calculated (33.44 ± 0.73 mg/g dry wt.) with a reduction of (43.48%) in 
aqueous leachates treated sample. Chloroform fraction shows the least reduction in 
protein content (Fig. 4.5). 
In case of C. murale, the protein content (44.13 ± 0.56 mg/g dry wt.) was 
observed in control (Table. 4.2). In all these treatments, the decrease was statistically 
significant compared to control. Maximum reduction was observed in water fraction 
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Table.4.2: Effect of aqueous leachates and organic extract fractions derived from 
the leaves of T. cordifolia on total protein content of the leaves of Chenopodium 
album L., Chenopodium murale L., Cassia tora L, and Cassia sophera L. 
Treatment 
solutions 
Control 
Aqueous 
leachates 
AL(l%g/ml 
fresh wt.) 
Petroleum ether 
Fraction 
PF(0.09% w/v) 
Methanolic 
fraction 
MP (0.09% w/v) 
Chloroform 
fraction 
CF (0.09% w/v) 
Water fraction 
WF(0.09% w/v) 
LSD at 5% 
LSD at 1% 
Total protein content (mg/g dry wt.) 
C. album 
59.17±0.17 
33.44 ± 0.73 
36.17 ±0.76 
46.24 ± 0.23 
48.16 ±0.31 
34.17 ±0.12 
3.99 
5.68 
C. murale 
44.13 ±0.56 
37.16±0.13 
33.03 ± 0.76 
32.19 ±0.45 
42.01 ±0.86 
30.14 ±0.43 
3.45 
4.90 
C. tora 
59.78 ±2.21 
46.52 ±1.14 
43.62 ± 0.65 
36.81 ±0.82 
49.4 ± 0.84 
40.02 ± 0.32 
4.38 
6.22 
C sophera 
56.94 ± 0.99 
46.69 ±0.17 
49.21±0.65 
37.27±0.19 
38.9±0.12 
34.93 ±0.32 
4.24 
6.03 
freated sample (30.14 ± 0.43 mg/g dry wt.). Chloroform fraction shows the least 
effective (42.01 ± 0.86 mg/g dry wt.). Maximum decrease of the protein contents was 
about (31.70%)) in water fraction treated sample and only (4.80%)) reduction in protein 
content was calculated in chloroform fraction compared to control (Fig.4.6). 
The total protein content of C. tora showed a progressive decrease in all the 
treatment solutions. This decrease with respect to control (59.78 ± 2.21 mg/g dry wt.) 
was highly significant statistically (Table.4.2). Maximum reduction was observed in 
Methanolic fraction (36.81 ± 0.82 mg/g dry wt.) Chloroform fraction shows least 
effective (49.4 ± 0.84 mg/g dry wt.) In case of aqueous leachates and petroleum ether 
fraction treated sample, the protein contents were decrease by (22.18%) and 
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(27.03%), respectively. Maximum decrease was about (38.42%) in methanolic 
fraction treated sample and only (17.36%) reduction in protein content was calculated 
in chloroform fraction compared to control (Fig. 4.7). 
The protein content in C. sophera shows a progressive decrease in all 
treatment compared with control (Fig.4.8). Maximum reduction was observed in 
water fraction treated sample (38.65%) while petroleum ether fraction shows least 
reduction (13.57%) in protein content. Methanolic and chloroform fraction had 
almost similar reduction (37.50%) and (34.78%), respectively (Table.4.2). 
Chlorophyll content 
In case of C. album, the total chlorophyll content (3.85 ±0.13 i^g/mg fresh 
wt.) was observed in control and it was decreased in aqueous leachates and organic 
fractions treated samples (Fig.4.9). The maximum reduction in chlorophyll content 
was observed in chloroform fraction (50.90%) and minimum reduction in chlorophyll 
content was calculated (26.49%) in aqueous leachates (Table.4.3). Methanolic 
fraction and water fraction had almost similar reduction. 
In C. murale the chlorophyll content was (4.80 ± 0.07|ig/mg fresh wt.) in 
control and maximum reduction was observed in chloroform fraction treated sample 
which was (54.79%) and followed by (42.50%) in methanolic fraction (Table.4.3). 
Least reduction (26.46%) of chlorophyll content was observed in petroleum ether 
treated sample. In all treatment the reduction was statistically significant (Fig.4.10). 
The total chlorophyll content of C. tora was (4.46 ± 0.09 i^g/mg fresh wt.) in 
the control. A progressive decrease was observed in chlorophyll content. The 
maximum reduction of chlorophyll content (52.91%) was observed in water fraction 
it is followed by chloroform fraction (Table.4.3). The aqueous leachates had no much 
difference in amount of content of chlorophyll (Fig.4.11). 
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Table.4.3: Effect of aqueous leachates and organic extract fractions derived from 
the leaves of T. cordifolia on total Chlorophyll content of the leaves of 
Chenopodium album L., Chenopodium murale L., Cassia tora L. and Cassia 
sophera L. 
Treatment solutions 
Control 
Aqueous leachates 
AL(l%g/mI fresh wt.) 
Petroleum ether 
Fraction PF(0.09% w/v) 
Methanolic fraction 
MP (0.09% w/v) 
Chloroform fraction 
CF (0.09% w/v) 
Water fraction 
WF(0.09% w/v) 
LSD at 5% 
LSD at 1% 
Total chlorophyll content (jiig/mg fresh wt.) 
C. album 
3.85±0.13 
2.83 ±0.16 
2.67 ± 0.42 
2.72 ±0.19 
1.89 ±0.73 
2.76 ± 0.49 
0.270 
0.384 
C. murale 
4.80 ±0.07 
3.26 ±0.15 
3.53 ±0.19 
2.76 ± 0.32 
2.17 ±0.35 
3.15 ±0.25 
0.321 
0.456 
C .tora 
4.46 ± 0.09 
4.24 ± 0.06 
3.85 ± 0.04 
3.49 ± 0.65 
2.14 ±0.03 
2.10±0.15 
0.339 
0.482 
C. sophera 
4.26 ±0.11 
2.34 ±0.19 
2.11±0.37 
3.26 ±1.75 
3.51 ±0.44 
3.14 ±0.92 
0.290 
0.412 
Chlorophyll content of C. sophera was 4.26 ±0.11 i^g/mg fresh wt. The 
maximum and minimum reduction of chlorophyll content was observed in petroleum 
ether fraction (50.46%) and in chloroform fraction (17.60%), respectively (Table.4.3). 
However the value kept increasing from the treatment of methanolic fraction and it 
increased in chloroform fraction (3.51 ± 0.44|xg/mg fresh wt.) but was less than 
control (Fig.4.12). 
DISCUSSION 
The plant Allelo-chemicals may interfere the growth, development and 
performance of a plant through their direct or indirect action on metabolism of plants. 
Many physiological and chemical activities altered by these chemical interference. 
Nevertheless, it is difficult to determine the primary mechanism involved for the 
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actions of these chemicals. It is beUeved that a variety of mechanisms of action must 
exist for different allelo-chemicals or herbicides. Even a specific compound may 
affect several metabolic functions and as a result, it is seldom possible to sort out 
primary effects from the secondary ones. In addition, the imcertainty in interpreting 
the observed effects in isolated enzymes to other bio-chemical effects in intact plant 
system also exists. No doubt, allelo-chemicals or herbicides (natural or synthetic) act 
on plants though enzymatically controlled reactions. 
Since we are trying to find out the effect of allelo-chemicals through three 
major metabolic processes i.e. carbohydrate synthesis, protein synthesis and photo-
synthesis, hence they have discussed in the experiments. One thing is very clear from 
the result of this experiment that T. cordifolia leaves exert a very negative influence 
on the acid soluble and water soluble carbohydrates of weeds, C. album, C. murale, 
C. tora and C. sophera. It is very well depicted by an increased amount of 
carbohydrates content exerts its influence mainly through its aqueous leachates. The 
weed plants show a better response as compared to crop plants though it did get 
affected by the allelochemics (Blum et al, 1985; Colton and Einhelling, 1980). 
Carbohydrates are organic compounds which consist of carbon, hydrogen 
and oxygen. They are polyhydroxy-aldehydes or ketones and their derivatives. 
Carbohydrates perform numerous roles in plant in several ways; first, they represent a 
means for the storage of energy that is converted form, light through photosynthesis. 
Second, they are important constituents of the supporting tissues that enable the plant 
to archive erect growth. Third they provide the carbon skeletons for the organic 
compounds that make up the plant (Devlin and Witham, 1883). 
Carbohydrates are made up of units of sugars and it can roughly be divided in 
to three groups i.e. monosaccharides, oligosaccharides and polysaccharides. 
97 
Monosaccharides are the simplest and are the building block of the more complex 
carbohydrates i.e. oligosaccharides and polysaccharides. 
Two or more than two monosaccharides units make up the oligosaccharides; 
sucrose, fructose and glucose come under this category. Polysaccharides are high 
molecular weight polymers consisting of monosaccharides are repeating units 
(monomers). Starch, a storage product of plants and cellulose, which is one of the 
most abundant organic compounds in the biosphere being a constituent of cell walls 
are polysaccharides. 
Synthesis of carbohydrates takes place in the living tissue. An increased 
amovmt of carbohydrates points out to the fact that the plant is under stress and it is 
gathering up its energy reserves to meet any conditions of adversity. Recently, there 
been increased research on the role of the demand for photo-assimilates in regulating 
photosynthesis through changes in carbohydrate partitioning and accumulation under 
stress condition (Paul and Foyer, 2001; Paul and Driscoll, 1997; Nielsen et ai, 1998; 
Osmond etal, 1987; Levitt 1982). 
Proteins are polymer chains made of amino acids linked together by peptide 
bonds. Amino acids can be divided in to essential and non essential amino acids. 
Proteins are the primary buffers in the living systems due to the chemical properties 
of their amino acids. The amino acids found in plant protein as a result of extensive 
investigation by numerous workers are glycine, alanine, valine, leucine, phenyl, 
alanine, tyrosine, tryptophan, cysteiene, methionine, proline, hydroxyl-proline, 
aspartic acid, glutamic acids, histidine, arginine and lysine (Devlin and Witham, 
1983; Verma and Rao, 2006; Lam et ai, 1995). AUelopathic effect of Euphorbia 
hierosolymitana cause reduction in protein content was reported by Abu-Romman et 
ai, (2010) in Triticum durum. 
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Cells have thousands of different kinds of proteins which perform varied 
functions. All form of life are constructed from the same set of 20 amino acids 
covalently linked in characteristic linear sequences because each of these amino acids 
has a distinctive side chain that determines its chemical properties this group of 20 
precursor molecule may be regarded as the alphabet in which the language of protein 
structure is written. Amino acids are molecule containing an amine group, a 
carboxylic acid group and a side chain that varies between different amino acids, 
which vary in size, structure and electric charge and influence the solubility of amino 
acids in water. 
Chlorophyll, the green pigments found in all plants algae and cyanobacteria 
and it is most active in photo-synthetic process. Chlorophyll is an extremely 
important biomolecule, critical in photosynthesis, which allows plants to obtain 
energy from light. Chlorophyll absorbs light most strongly in the blue portion of 
the electromagnetic spectrum, followed by the red portion. We can distinguish at least 
nine types of chlorophylls a, b, c, d and e, bacterio- chlorophylls a and b and the 
chlorobium chlorophylls 650 and 660. Chlorophyll content in the test species 
decreased dramatically as compared to the control and in this case too the aqueous 
leachates proved to be much more affective than the other treatment. Chlorophyll a 
and b are the best known and most abundant and are founds in all auto- trophic 
organisms except pigment containing bacteria. 
The chlorophyll a molecule has a cyclic tetrapyrrolic structure (porphyrin), 
with an isocylic ring containing magnesium an atom at its centre. The phytol chain of 
the chlorophyll molecule extends from one of the pyrolle ring. The empirical formula 
of the chlorophyll molecule is C55H7205H4Mg. The phytol chain appears to extend 
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into the interior of the chloroplasts membranes and to interact with other hydrophobic 
lipid molecules. 
The difference between chlorophyll a and b is found on the third carbon, 
chlorophyll a has a methyl group (CH3) attached to the third carbon and chlorophyll b 
has an aldehyde (HC = 0) attached to the third carbon. In addition to these to these 
minor differences chlorophylls a and b exhibit different absorption spectra (Devlin 
and Witham, 1983). 
How the chlorophylls and iron porphyrins are synthesizes with in the living 
cell is still not clear. However, it is speculated succinyl CoA, a krebs cycle 
intermediates and the amino acid glycine initiate the bio-synthetic pathway which 
leads to chlorophyll formation. The condensation of these two compounds leads to 
the formation of the imstable. a-amino and P - keto-adipic acid. 
The reduction in the chlorophyll content in this experiment may be due to the 
reason that allelochemicals either inhibit the synthesis of chlorophyll or perhaps they 
break - down the chlorophyll, molecule by acting on the pyrrolic ring and the phytol 
chain (Blum et al, 1985; Colton and Einhelling, 1980; Yang et al, 2006). Hence the 
allelo-chemicals act by inhibiting the process of photosynthesis which ultimately can 
lead to the death of plant. Allelopathic effect of Croton bonplandianum cause 
reduction in chlorophyll content was reported by Sarkar and Chakraborty (2010) on 
T. aestivam and Brassica campestris. Liu et al, (2009) in tomato and Abu-Romman 
et al., (2010) in Euphorbia hierosolymitana. 
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DISCUSSION 
Tinospora cordifolia is a large deciduous climbing shrub found throughout India 
and also in Srilanka, Bangladesh and China. Though it is a weed and having lots of 
medicinal properties but it severely affects test plants like Chenopodhm album. 
Chenopodium murale, Cassia tora and Cassia sophera. In agricultural fields" C. album 
and C. murale is very troublesome and interferes with growth and establishment of crop 
plants and affecting the overall development. T. cordifolia can be attributed to a number 
of characteristics including allelopathy. Recently allelopathy has been proposed to be a 
novel strategy for the successful invasion in the alien environments by the exotic species 
at the expense of native communities (Ridenour and Callaway, 2001; Heirro and 
Callaway, 2003; Bais et ai, 2004; Macias et ai, 2007). A study was planned to determine 
the allelopathic interference of T. cordifolia with test plants. Series of experiments were 
conducted for this purpose. The results and observations based on these experiments are 
discussed here as under: 
Rhizosphere soil of T. cordifolia is phyto-inhibitory in nature 
The present study clearly indicated that growth of various test plants is inhibited 
in rhizosphere soil of T. cordifolia. Rhizosphere soil does not affect the germination but 
there was a significant reduction in growth, in terms of root length, shoot length and dry 
biomass of test plants namely, Chenopodium album, Chenopodium murale, Cassia tora 
and Cassia sophera. However, magnitude of inhibition varied from plant to plant. In 
general, maximum inhibition in plant root length and shoot length was seen in Cassia 
tora while minimum in C. murale and C album in case of dry weight C. album shows 
maximum inhibition while minimum in C. sophera. These result suggested that soil 
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under T. cordifolia contain some growth inhibitory substances that reduce the growth of 
test plants. This may be due to the release of allelochemicals from the plant through 
various means like leachation, root exudation, volatilization, death and decay of plant 
parts (Rice, 1984; Einhelling, 1985; Kobayashi, 2004). Leachation is, however the most 
common and well known method to release of chemicals from plant. Among these 
method root exudates are considered as one of the major means of communication 
between rhizosphere and various microorganisms residing there. The root exudates 
comprises of a complex mixture of compounds that are responsible for underground 
interactions (Bais et al., 2004). Besides root-mediated interactions, these may also alter 
physical and chemical properties of soil and inhibit growth of competing plants (Nardi et 
al., 2000; Norsworthy and Meehan, 2005; Kong et al, 2006). Walker et al. (2003) and 
Verma and Rao (2006) have reported that plants release a number of low (phenolics) and 
high (polysaccharides, proteins) in this respect. 
Ambika et al., (2003) reported that the germination and growth of associated 
plants were reduced in Lantana camara infested soil, suggesting that plant produces 
phytotoxic root exudates. Again similar result were also found with rhizosphere soil of 
Ageratum conyzoides (Singh et al., 2003 b), Bidense pilosa (Stevens and Tang, 1985) 
Chenopodium murale (El-Khataib et al, 2003), Croton bonplandianum (Sisodia and 
Siddiqui, 2009), Euphorbia prostrata (Alsaadawi et al., 1990), Helianthm annuus 
(Batish et al., 2002b) Lomandra longifolia (Asao, 2007) and Tamarindus indica (Parvez 
et al, 2003a,b) 
An example includes the presence of (±) catechin (released from roots of 
Centaurea maculosa) in rhizosphere. it has been observed to be responsible for bringing 
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about inhibitory effects on other surrounding plants (Bais et al, 2002; Corey and Jorge 
2008). Phenoiics in the rhizosphere soil of Croton honplandianum also inhibit the weeds 
and crops (Sisodia and Siddiqui, 2009). A strong inhibitory effect of soil collected from 
surrounding area of Medicago sativa plants was studied by El-Khatib et al.. (2003), 
which indicate the same phenomenon. Kohli (1990) reported the presence of volatile 
monoterpenes in the rhizosphere soil of the Eucalyptus trees. It was speculated that these 
monoterpenes are contributed by the tree and being heavier than air move downwards 
and stick to soil particles. 
In the Tinospora invaded soil, different types of allelochemical are present. It is 
thus, the presence of allelochemicals in rhizosphere soil that might be reducing the 
growth of test plants. Whether these phenoiics are contributed by root exudates of T. 
cordifolia or from above- or below-ground parts upon leaching remains to be seen. 
Different parts of T. cordifolia exhibit phy to toxicity 
It is clear from the present study that different parts of T. cordifolia exhibited 
phytotoxic potential through their aqueous extracts, though the magnitude of 
phytotoxicity varied with plant part (i.e. aerial root, root, stem and leaves). The study, 
therefore, indicated that some growth inhibitors are present in the extract that might be 
affecting the growth of the test plant namely, C. tora, C. sophera, C. album and C. 
murale. Mainly leaf extract shows maximum inhibition in germination and seedling 
growth followed by stem, root and aerial root extract. A number of studies have indicated 
that aqueous extracts of weed, are phytotoxic in nature and thus reduce the growth of 
other plants (Qasem and Foy, 2001; Bulut et al., 2006). Some recent studies indicating 
the phytotoxic allelopathic effect of aqueous extract of weeds include Mikania micranlha 
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(Sisodia and Siddiqui, 2007c), Cyperus rotundus (Quayyaum et al, 2000), Cardaria 
draba (Kiemnec and Mclnnis, 2002), Parthenium hysterophorus (Batish et al., 2002a; 
Singh et ai, 2003a; Javaid et al.. 2006), Brassica nigra (Tawaha and Turk, 2003). 
Raphanus raphanistrum (Norsworthy, 2003), Ageratum conyzoides (Batish et al., 2002b, 
2009; Singh et al, 2003b,c), Artemisiaprinceps and Launae sonchoids (Abd Ei-Fattah 
et al, 2011), Euphorbia helioscopia (Tanveer et al, 2010), Lantana camara (Hossain 
and Alam, 2010), Parthenium hysterophorus (Knox et al, 2011) Lucerne varities 
(Zhihua and Yixin, 2005), Chinese fir leaves (GuoChang et al, 2007), Andrographis 
paniculata (Alagesaboopathi, 2011), Artistolochia esperanzae (Gatti et al, 2010), 
Baccharis dracunculifolia (Gusman et al, 2008), Calotropis procera (Samreen et al. 
2009), Chenopodium murale (Batish et al., 2007) and Oryza sativa (Punjani et al, 2006). 
All these studies indicated that the release of phytotoxic chemicals during the preparation 
of aqueous extracts, under natural conditions, metabolites including organic acids, 
minerals, carbohydrates and amino acids are released or leached from various parts of 
plant including foliage, stem, flowers and fruit of the plant by forming aqueous solution 
with rainwater, dew water and mist (Tukey and Morgan, 1964). Through this process, a 
number of phytotoxic chemicals are also leached that bring about inhibitory effects on the 
other plant (Rice, 1984). 
Powder of T. cordifolia amended soil reduces or inhibit growtli of test plants 
T. cordifolia grows abundantly especially during the rainy season. Due to the 
abundant growth weed cutters are cut the plant parts from the fences, neem trees and 
other areas. All plant parts whether leaves, stem, roots and aerial roots are found to 
exhibit phytotoxicity towards test plants namely Chenopodium album, Chenopodium 
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murale, Cassia tora and Cassia sophera. Leaf powder was particularly more toxic 
compared to other parts. Both seedling length and seedling dry weight of test plants were 
reduced by the powders though the response of different test plants was variable, under 
greenhouse conditions. The magnitude of phytotoxicity was more in leaf powder 
amended soil. Though the growth inhibition of various test plants was significant and 
apparent, yet it was lesser than the control. A number of allelochemicais get adsorbed with 
the soil particles either reversibly or irreversibly depending upon the nature of soil and 
this in turn significantly affects their phytotoxicity (Blum et al., 1999; Kong et al., 2006). 
Thus, soil is an important medium for the demonstration of allelopathic effect as these 
conditions are closer to the natural conditions unlike the artificial laboratory conditions. 
Aqueous leachates from the T. cordifolia exhibits toxicity against weeds. 
In nature the plants can release allelochemicais, apart from other ways, through 
leachation in water added by rain, snow, dew and mist etc. the release from the plant is 
normally in glycosidic form (Kumari and Kohli, 1987; Kayode, 2006) a sugar molecule is 
bound to the organic chemical through a glycosidic bond. The leachates from these plants 
when tested on carbohydrate content, protein content and chlorophyll content of test 
plants showed an inhibitory tendency, thereby confirming the phytotoxic property against 
the weeds. 
Organic fraction too exerts an adverse impact on weed 
Allelochemicais from potential allelopathic plants are released not only by way of 
leachation in water, but some amount and type of it (including which are not leachable 
in water) get added to the environment up on degradation of fallen leaves and other aerial 
parts. Such allelochemicais get added in the soil up on death and decay of leaves. The 
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allelochemics were extracted under normal conditions from shade dried plant parts 
through different organic solvent system. The selection of solvent system was based on 
polarity gradient. The extraction was initiated non polar solvent system (petroleum ether). 
Non polar chemics get dissolved into it. On the other hand relatively less or highly or 
slightly polar chemics dissolved in methanol, water and chloroform. 
Allelochemicals creating stress conditions for the plants 
Leachates derived from the Tinospora cordifolia increased the content of total 
acid soluble and water soluble saccharides. The increased amount of saccharides nutritive 
as well as structural suggests the increased demand of energy required by the tissue 
which is under stress from these chemicals (Rice, 1984; Sisodia and Siddiqui, 2005) 
The water soluble carbohydrates which include nutritive saccharides impart 
related source of energy. Compared to it, acid soluble carbohydrates (Amylo-pectin. 
mannose, cellulose and chitin) represent the structural saccharides. These are important 
macro-molecules for any plant functions. To meet the energy demands under stress 
created by the treatment solutions, the nutritive saccharides components increase in 
response to the treatment under reference. Physiological response to stressors can be 
divided into two possibilities. In one case tolerance plants have mechanism that 
maintained high metabolic activity. Similar to that in the absence of stress under mild 
stress and reduced activity under severe stress (Osmond et al., 1987; Paul and Foyer, 
2001) and such a physiological change that occurs in response to environmental stress 
that does not necessarily results in significant reduction of growth or reproduction 
(Levitt, 1982 and Larcher, 1980). 
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Allelochemicals of Tinospora cordifolia decreased the synthesis of protein 
As regards the decrease in protein content in response to the allelochemicals our 
result agree favourably with the available reports in literature though not specifically 
allelochemicals but herbicides lead to a decline in the total soluble protein content. The 
inhibition was related to the final toxicity by the workers (Verma & Rao, 2006; Sisodia 
and Siddiqui, 2005). Aqueous leachates and organic fraction of Croton bonplandianum 
reduced the protein content of garlic (Sisodia et ai, 2010). The decrease in the protein 
content has been suggested presumably due to the decrease in the synthesis of protein and 
also due to the hydrolysis of the already existing ones. 
Allelochemicals exerting a very negative influence on chlorophyll content of the test 
plants 
The decrease in chlorophyll content point out to a decreased photosynthetic 
activity. The decrease in chlorophyll content of test plants in response to aqueous 
leachates or organic fractions is the result of enhanced rate enzymatic (eg.: Chloro-
phyllase) degradation of already available pigment pool or the function of inhibition of 
pathway leading to the synthesis of chlorophyll. The reduction in chlorophyll might be 
due to inhibition of synthesis of enzyme required to synthesize chlorophyll or break down 
of chlorophyll occurred due to influence of allelochemicals (Einhelling & Rasmussen. 
1979, Daizy & Kohli, 1991). Reduction in chlorophyll content by treating with aqueous 
leachates and organic fraction of Croton bonplandianum was reported in garlic (Sisodia 
et al., 2010). Leachates of above ground parts of Juncus effuses exhibit reduction of 
chlorophyll a (Ervin and Wetzel, 2000). However it is not clear whether the observed loss 
in chlorophyll was due to degradation of chlorophyll already present in the plant or to 
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direct inhibition of cliiorophyil bio synthesis. Nevertheless, the loss of chlorophyll is 
likely to reduce the photosynthesis ability and thereby the growth and development of the 
plant. 
Aqueous leachates are the most effective among all the treatment 
Aqueous leachate of Tinospora cordifolia is the most effective against the test 
plants, it is perhaps due to the fact that aqueous leachates are in their glycosidic forms 
and this ensure their maximum transportation in and out of the cell membrane (Parveen, 
1998). 
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CONCLUSIONS 
From the present study on the phytotoxicity of Tinospora cordifoUa towards 
different test plants, following conclusions can be drawn: 
> The rhizosphere soil of T. cordifoUa was found to be inhibitory towards growth of 
various test plants. 
> Different parts (leaves, stem, root and aerial root) of T. cordifoUa exhibited 
differential phytotoxicity. The leaves were the most phytotoxic in nature. 
> Soils amended with shade dried powder of different parts of weed exhibit 
phytotoxicity toward test plants. 
> Aqueous leachates of Tinospora cordifoUa exerts a very adverse effect on test 
plants. 
> Organic fractions formed through various polar and non polar solvent extractions 
were detrimental to the test plant. 
> Carbohydrate content were increased under stress applied on test plants. 
> Aqueous leachates and organic extract fractions decreased the protein content 
of test plants. 
> Allelochemicals impair the photosynthetic machinery by decreasing the 
chlorophyll content of the test plants. 
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FUTURE PROSPECTS 
Present study was planned to evaluate allelopathic effect of different parts of 
T. cordifolia on physiological and biochemical activities of some test plants. The 
study revealed some interesting results. However, in order to explore more 
information on this topic, study can be further elaborated on the following lines: 
> To identify allelochemicals in the rhizosphere and amended soils of T. 
cordifolia and to determine changes in nature with time. 
> To identify the microorganisms involved in rhizosphere-mediated interactions 
or during decomposition. 
> To study whether weed residues or its pure volatiles and non-volatile 
allelochemicals possess any selectivity towards weedy species. If so, to 
evaluate its potential for weed management in different cropping systems. 
> To prepare inventory of plants or their genotypes susceptible / resistant to 
allelochemicals of T. cordifolia and to recommend the suitable genotype / 
cultivars to farmers. 
> To prepare mathematical models for dynamics of allelochemicals as a function 
of concentration and time. 
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SUMMARY OF RESULTS 
Tinospora cordifolia is a large deciduous climbing shrub found throughout 
India and also in Srilanka, Bangladesh and China. It is a medicinal weed grown on 
neem trees and mango tree and also on fences. It has high medicinal properties and 
used for cure various diseases. A study was thus conducted to explore interference 
potential of T. cordifolia with some weeds namely, C. murale, C. album, Cassia tora 
and Cassia sophera. The summary of results is being presented as under: 
The root length, shoot length and dry biomass of test plants namely C. murale, 
C. album, C tora and C. sophera grown in rhizosphere soil of T. cordifolia were less 
than those grown in soil collected from the area free of T. cordifolia (control soil). 
However, there was no effect on germination but a significant reduction was observed 
in root length, shoot length and dry biomass of test plants. The magnitude of 
inhibition varied from plant to plant. Maximum inhibition in root length and shoot 
length was observed in C. tora while minimum was in C. murale and C. album. In 
case of dry biomass C. album shows maximum inhibition and minimum in C. 
sophera. The inhibitory effect of rhizosphere soil of T. cordifolia suggested that the 
soil contained allelopathic or inhibitory substances in amounts sufficient to suppress 
the growth of test plants. 
In order to find out whether these allelopathic substances are water-soluble or 
not, specific experiments were conducted. The aqueous extracts prepared from dried 
and powdered parts of the weed viz. leaves, stems, roots and aerial roots of T. 
cordifolia were found to be inhibitory towards growth (root length, shoot length and 
dry biomass) of test plants. However, the phytotoxicity of extracts differed with 
different parts. In general, a concentration based effect of extracts was observed in the 
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present study. The aqueous extracts from leaves were found to be the most phytotoxic 
followed by stem, root and aerial root. On the other hand, aqueous extracts of aerial 
root exhibited lesser phytotoxicity. The inhibitory effect of aqueous extracts of each 
part shows that some water soluble allelopathic substances are present in sufficient 
amount to suppress the growth of weeds. 
An experiment was performed where the effect of different parts of T. 
cordifolia was assessed in soil. For this, different concentrations of different parts of 
weed powder were directly mixed in the control soil. The growth performance of 
various test plants was studied in these amended soils. The early growth of all test 
plants (C. murale, C. album. Cassia tora, and C. sophera) was severely inhibited 
when grown in soils amended with different parts of T. cordifolia compared to 
unamended control soil. More growth retardatory effect was observed in soils 
amended with higher concentrations of powders. The growth inhibitory effect of 
different parts of T. cordifolia in soil can thus, be attributed to release of 
allelochemicals in the soil. Maximum growth inhibitory effect was observed when 
leaves powder was added into soil. 
Under natural conditions, the phytotoxic effect of aqueous leachates 
and organic fractions was observed on carbohydrate (acid soluble and water soluble), 
protein and chlorophyll content of test plants namely; C. murale, C. album, C. tora 
and C. sophera. It is very clear from the result that the carbohydrate content (acid 
soluble and water soluble) was increased in all treatment with aqueous leachates and 
organic fractions than control. Aqueous leachates creating maximum stress condition 
for the test plants, it increases the carbohydrate content of the test plants. Decrease in 
protein content and chlorophyll content point out that the allelopathic effect of 
aqueous leachates and organic fractions of leaves of T. cordifolia. Aqueous leachates 
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of Tinospora cordifolia is the most effective against the test plants. 
All these results show that T. cordifolia exert inhibitory effect on plants 
through the release of allelochemicals in soil from its different parts. 
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